WO 2010/029119PCT/EP2009/061733 NOVEL IMIDAZOLIDINE COMPOUNDS AS ANDROGEN
RECEPTOR MODULATORS. BACKGROUND OF THE INVENTION [0001] The present invention
relates to igigpzaliding compounds that can affect the activity of the andreger-pesRRIOM§4R). In one
aspect a compound of the invention is an antagonist or partial antagonist and is of use in the
prevention and/or treatment of androgen dependent tumors and/or all the conditions in which AR
stimulation could be detrimental such as acne, alogrecia and/or hirsutism; or in an alternative aspect a

compound i Y- iHVER Pt B IS AP AN B ety SOEPRE FROU BT (B BritsPBIUAEERS.

agonists/antagonist) that can be used in the treatment of conditions of cachexia and muscle wasting
disorders (including but not Iimiteglg%mﬁﬁi@gldﬁgqﬂﬁ@q?@ﬁﬁ%induced, glucocorticoid-induced,
immobilization-induced, diet-induced muscle loss, thermal burns, chronic renal failure, congestive
heart failure, chronic obstructive pulmonary disease) age-related functional decline (including but not
limited ¢o03qrcapeniaandieeimale orfemale:0sieopaosisnihadprase niain weRtiomalsa: providase
processes for the rog] ion of comppunds of the invention, pharmaceutical co sitions.containing a
Comp o R B S e o
of the idisbrsrels HistRysatcRarsinT footZqfrPhiaf oartiferfad ST RN fes Bl fhecivadigstd mitkbolite
5a-DHiRagesthiednainendegrrous e RieseRtative slvpteiassooiatatndth thedeyelepment ape: a
e SneR LR RaN Tale Shaciersles GRUII e deleins, RlasiAls, esTaL el
and secoﬁo’lary male Characteristics (deve op%nent ot hair, muscufature of tﬁeﬁar nx, distribution of
fatty tig8t62brheAbUT B HITERYY. thaaditivn, sheghestapt aus mitisdiecaendipdvdsimemtt and
also aghAndhe henatpgoiesisadhexcenial neivals sy sterandisexidal furcion tRR03kle.aamen,
androgeps have.een, nvolved inier, alig In the develpment and majnienange ofibane ssile and
Iibidoﬂ 50 Brogressn’/e reduction In fevels of circula ifg androgens’In aging men USA AN partial
androgehngesiinishssaprag ivieny domiipatdsddra dpeeifieaumblisfisinicativsammesatonsnicRiding
osteopekaiislegmeinuseie raRss ianskength:raskGtior-indlibid enane sexxlial dysiupatian canaemia

and aghande in codnition, mood, wings, Q%PE%%SJ;&%)S&% Rgyisw In Kauiman JMand vermeyen A.,
2005,uﬂl1e echine of an rogenqeve Shiel eﬁ;fmen nd s cflnlcafané‘ fherapeutlc |mplﬁgalf|ons

EndodhReverieres hypicrisivevekavacslinidht datetyrofisplarebetictherapy for cardiovascular and

prostaigodineasesis, unersiain, Themsiareseadiagemsunnicmeniationismoltegemmendeskiasiealthy,
‘elderly men (Liu PY at al. 2004, CIini(I‘aI review, 171: %he rationale, efficacy and sTgeciiéof androgen
n

theragy T SIEER Me R ratt P e S SRR St R PR HRR VERBIh A BB ABRE™) "I BRESERIS).
Metab(cBid5789, 969 dAErR010/029 k1 SR ET¢ER2009EBLTERIA0008 Aayrdrsine desdaiated with the

reductign indevelsRfgincuialing anRArAernS (AR FisANdMoeRAecling: i) femalel sl 0.hesht.
described in women. It can have varigus causes inﬁludinég chemothera%/ and infection Qy the

agin

AIDS Pri¥sAS BRI EYHBRIS Mda6e SstadporsarR é‘t‘%%bgh'a‘iegg?&%}%ﬂ A Ptgcie?
weakrfessimeduction in libido, sexual dysfunction, change of cognition, mood swings, and depression.
Endomgjigsisiang Atingeasad fisk 8EOreaziytierne ARd.PHArRNFRRCAIS RS AISA.RESR plgRcribed
(Davison SL and Davis SR 2003 Androgens hi women. J. Steroid Biochem. Mol. Biol. 85:363- 366).
The adisigtHiRifPor high doses of androgens to women can lead to the appearance of signs of
maqummgtiomdg}mdrswmgﬁmd Beeie.oﬂ'hmmﬁﬁgﬁn@ughhedagmg into mi!deraﬁiaﬁawhﬂmgen
administering androgens. iawamen; 10006k TG IMIBIORS 10,16 MsS: Ol SRl 8‘&1@% gndregsn regeptors
agonists or antagonists, becomes clear as these are plagued with undesirable effects due to their
metabdiiEAtion TS Hither SERNGHIGHR e b Sutl RicR ISteRn MR Brth e SIS | B! pEEEYT[0007]
Therefased @@ﬂ@eﬁqjeb@iiaﬁeﬁmﬂwe&am: beim@zamvggtigﬁtadramdzafexpaﬁdﬁu mﬁa/cﬁgsiée@f beoapse they
allow e paneiisal silseineliesInslfIonG:an SRREiGAAANS (e dad musele issyed.and ophe

d, an ely to lead dary |

libido to be maintained, arc less likely ad to secondary effects in specific tissues, such as the
prostattmisahiatsd %F@%Fé‘rﬂ%?fﬁ?mﬁ%%‘é@%’é? HRIIPYIIE FHREHETS WRTTRE hORFHORS! SYERET They
represeph Rrsafet @lte mative theaneftt oadlithelapie sdm aby: pathologies:|inkeddvithian, androgen
def'c'tréﬂ&lﬁfé!“&&%’?‘;‘) RR{%RIRQ" &%ﬁ%‘igﬂa&%&%ﬁ&'m&}” Jkidogssogiated with syndrp rﬁ%?ti,?,l the
PADAM and ADIF type. They may also Be usedn the treatment of cachexia induced by épem ic
diseadeRer diopant &1i8r RS in iMeHE- FE4tHiert of muscle loss induced by long-term treatment
with glucocorticoids. Moreover, they may be used in the treatment of androgen dependent tumors,
such as prostate cancer, or hyperplasia, which growth at an early stage can usually be regulated by
administering steroidal anti-androgens. [0008] Selective modulators of the androgen receptor (SARMs
- selective androgen receptor modulators) of non-steroidal structure are molecules which act as
ligands of the androgen receptor (AR) with a degree of tissue specificity. [0009] The importance of the
AR as a target is great in many areas of drug discovery and therapy. The compounds of the invention
disclosed herein are suggested to have two main modes of action: As antagonists (complete or
partial), inhibitors of the AR may be employed in oncology, and may be particularly useful in the

treatment of androgen dependent prostate cancer. They may also be used for male contraception and
heniaon hvvnernlacia nof the nroctate novvarian and hraact cancer (for a comparativie revview c<ee Mohlar et



[0013]WO 2007/137874 discloses imidazolidine compounds similar to those of the present invention
but wherein, in Formula (), at least one of R3' or R31'is OH, SH or a derivative thereof. These
compoundsyeguiigeas OH or SH group to be available in the active compaungs:inwseesio be able to
bind His-874 of the androgen receptor. These compounds show high in vitro activity but
disappointingly low in vivo activity, such that these compounds are not deemed commercially viable.
[0014]gs}ur risingly, it has now been found that in vivo actjvity can be substantially increased by
elimin %’glthe"\/\?éf&?éiWcﬁ?d?%‘é‘?ﬂiﬂl O oG rBUEY BF &éﬁvawg%ﬁa?feam@ms BHGSH,
from thelR3 poditionc)ShdMMB R HcktdEcINMENTAN. [06ib]The compsundsof tlvbilinentog.may

show good absorplion;aead-haifife.Aa89d salubility,ggod ﬁiﬁ%ﬁ%@ﬁ@%%@%@t%@%ﬂ%@%@ﬁiﬁam"tY-

In particular, dis€losed is a compound as described herein that exhibits unexpected significant
improt&RBFE b AEFRISEGRSGRSI BB BB R a4y HPTOVR S BRI RSP T TBA8] TS the
preseatdisplosive pEovicdesrivridazdlidiiverceny atived, tandtmethods foovddmtifying amd desighing a
compaundiQf e, AEF RNt Hisaskrer Whish.campoaund AfiRSS theaclyiy ol ANAIRgasiJECepigss.

[0017£n ?artlcular the present disclosure providés a compound as described herein according to
Formul®{a D& RITALRIADNED GFE; RRIERES: 101 e ISR ot s 1BE LI, C5i8y of
cycloatkytp@ds@omlienyls GRChdlkyry| Tandt Cd«CHuacyt; eaahiofowhishimayoptionadyibestsidzstituted
with cyang, 806, mare halo, hydroxyl, or unsubstituted C1-C6 alkoxy; R22 is selected from H,
S(02)0H, F¥(O) OH)2, and C(0)(CH2)IC(0)0H; or R2a is selected from C1-C6 alkyl, C1-C6 acyl, and
C3-CAURehyi Tabrisigmithirayoptona BeSerstiratPWitR AR, ArfMsbR Cal SO 8 B, 1, 2,
3, or 4heach:RRbandvR2iddnae peftentlinselattadicabuidaandi£d «B6rakelioonb2b addtRZGsmay

join to&ﬁf&%%z‘;%ﬁh@e99&%%%%?1%@@."; R3a is H, halo, cyano, or nitro; or R3a is C1-C6 alkyl
optionally substituted with halo, cyano, nitro, hydroxyl, or C1-C4 alkoxy; or R3a is amido optionally

substitQid ithhe ties airytewadkn Hepddmdepediemit et d epdaes, ity ot eiuhbregpsighey
indepensiemiyreikfofaliad o plinhalsubstiuseadivit sy anh-onhales waeh) R3hisemicn, epionally
SUbSti;[rlig% al%/(i)t \ a(;il& grg c::lsléX!i(cly to lead to secondary effects in specific tissues, such as the prostate in men and
the uterus in women, as they would not interfere with the hormonal system. They represent a safer alternative
to conventional therapies in any pathologies linked with an androgen deficit, including osteoporosis or
sarcopenia, and decline in libido associated with syndromes of the PADAM and ADIF type. They may also
be used in the treatment of cachexia induced by specific diseases, such as cancer or AIDS, or in the treatment
of muscle loss induced by long-term treatinent with glucocorticoids. Moreover, they may be used in the
treatment of androgen dependent tumors, such as prostate cancer, or hyperplasia, which growth at an carly
stage can usuzlly be regulated by administering steroidal anti-androgens.
[6608] Selective modulators of the androgen receptor (SARMs - selective androgen receptor modulators)
of non-steroidal structure are molecules which act as ligands of the androgen receptor (AR) with a degree of
tissue specificity, _
{6009] The importance of the AR as a target is great in many arcas of drug discovery and therapy. The
compounds of the imvention disclosed herein are suggested to have two main modes of action:
® As antagonists (complete or partial), inhibitors of the AR may be employed in oncology, and may
be particutarly useful in the treatment of androgen dependent prostate cancer. They may also be used
for male contraception and benign hyperplasia of the prostate, ovarian and breast cancer (for a
comparative review, see Mohler et al., Expert Opin. Ther, Patents (2005) 15(11), 1563-1585).
® As agonists (complete or partial, including mixed agonists/antagonists), they may be particularly

useful for metabolic and endocrine discases disorders, especially age-related diseases and conditions



each lea, and leb is independently H, halo, cyano, carboxy or nitro; or each R4a, and Ra is selected
from C)-C6 alkyl, and C3-C6 alkoxy; each of which may optionally be substituted by one or more halo,
or C1-C6 alkoxy; or R4a and Ra are joined together to form a 5 or 6- membered cycloalkyl, 5 or
6-membereg heteracysiamikuhib lbomempesad aiyhoat-Eely, SARGMberathhetatoany; iR dedshalo,
cyano, or nifro;;and mlis 0. .1, or 2. 100181Also disclosed is a compound of the invention according to
Formula Ib e&%%@?%ﬁ%‘é‘ﬁé‘?ﬁf%%% eoogglés eérﬁ; or Rl is selected from C1-C6 alkyl, C3-C7 cycloalkyl,
C3-CWHkenyrresHkyFg aArE o desmedetr Torieh Ay SpaorraiyBe S sEhterBasiat
CyanpeRneraemeie fialo, by dioxcieaingubstituind StaGowaik dxyr a8 dsselecttidiiofmtipR(0)(OH)7,
and (hCHARLGURI: L1380 IS aRlee R R (iSO Afh ANt r lkemLneachalwhich may

optionally be substituted with amino, or carboxy; nlis 0, 1, 2, 3, or 4; each R2" and R2a is
indephinertny selerrdirbrindiighd e YehngPyrbing e sy AfistBiedbrisTormrg es-c7
cycloatiyleRR8a isdrhohale deyland, tberaitrar oinR3atis S Chital kydsoptionallips ub sttt edpeith thatejscyano,

nitro,, OQIRX . OF £ }a&%}p@%@yyglm{g%ﬁméggegpm%@émmﬁ&t@d with C1-C6 alkyl; each R3b is

independently halo, cyano, or nitro; or each R3b.is independently C1-C6 alkyl optjonally substituted
with B3, O A0S G h Rt S A SHBRIRSod A GG RIRSH GBS St e
is indefrendéntydehthalo, cyano, carboxy or nitro; or each R4a, and R4b is selected from C1-C6 alkyl,

and (341616 algexyoeaeiyoimhichmay.Qrianaly Re:subaltuethbyoome:eToMee AalR: AhertiathalkoxY;
o TElb Ao i B SHETEL iyl ‘s B A b Ba ALt SBiS Fso  BLBid o Hiro:
and @flisOSH goyup . to be available in the active compounds in order to be able to bind His-874 of the androgen
receptor. These compounds show high in vitre activity but disappointingly low in vive activity, such that these
compounds are not deemed commercially viable.
[0014]  Surprisingly, it has now been found that in vivo activity can be substantially increased by eliminating the

weakly acidic phenolic OH or SH group, or derivatives that can yield this OH or SH, from the R’ position.

SUMMARY OF THE INVENTION.

[0015] The compounds of the invention may show good absorption, good half-life, good solubility, good
bioavailability, and good metabolic stability. In particular, disclosed is a compound as described herein that
exhibits unexpected significant improvements in pharmacological properties, in particular improved bioavailability.
[0016]  Thus, the present disclosure provides imidazolidine derivatives, and methods for identifying and
designing a compound of the present disclosure, which compound affects the activity of androgen receptors.

[0017]  In particular the present disclosure provides a compound as described herein according to Formula Ia

below:



[0018a] Thus, in one aspect, there is provided a compound according to Formula Ib: Ib wherein Xis O
or S; Rlis H; or R1 is selected from C1-C6 alkyl, C3-07 cycloalkyl, C3-C6 alkenyl, C3-C6 alkynyl, and
C1-C6 acyl; each of which may optionally be substituted with cyano, one or more halo, hydroxyl, or
C1-C6 alkoxy; R2a is selected from H, P(0)(OH)gzand C(0)(CH2)IC(0)0H; or R2 a is selected from
C1-C6 acyl, and C3-C6 alkenyl; each of whichmay o $8dally be substituted with amino, or carboxy;
nlisO0, 1, 2, 3, or 4; each R2b and R2a is independen gdfrom H, and C1-C6 alkyl; or R21'
and R2a may join together to form a C37 & alis H, halo, cyano, or nitro; each R31'is
degﬁkaently H, halo, cyano, carboxy or
nitro; or each R4a, and R41' is selected-fxgm Gil-Covatkyt, and C1-C6 alkoxy; each of which may
optionally be substituted by one or mIo, or {£1-C6 alkoxy; or R4a and R4b are joined together to
form an 5 or 6- membered cycloalky!, 5.er6-mem¥ered heterocycloalkyl, 5 or 6-membered aryl, or 5 or
6-membered heteroaryl; R4b is iﬁclaclo, cyano, or nitro; and mlis 0, 1, or 2; or pharmaceutically
acceptable salts, and the solvates of the compoundsg or the solvates of the pharmaceutically
acceptable S%Its.thereof. 100191Also disclosed is a compound according to Formula (VI): wherein:
R5 is H, C1b aikyl, C2-6 alkenyl, 02-6 alkynyl, or Ci4 alkyl substituted with a cyano group or one or
more halo g¥o8PsrRE is H or C14 alkyl;
R'is H; or
R' is selected from C;-Cy alkyl, Cs-C cycloalkyl, Ca-Cy atkenyl, Ca-Cy alkynyl, and C;-Cg acyl:

each of which may optionally be substituted with cyano, one or more halo, hydroxyl, or
unsubstituted C;-Cq alkoxy;
R* is selected from H, $(0,)OH, P(O)(OH),, and C{O}CH,), C(O)YOH; or
R™ is selected from C;-Cs alkyi, C;-Cy acyl, and C3-Cq alkenyl; each of which may optionally be
substituted with aryl, amino, or carthoxy; ntis 0, 1, 2, 3, or 4;
each R* and R® is independently selected from H, and C-Cs alkyl; or
R™ and R* may join together to form a C-C; cycloalkyl;
R*is H, halo, cyano, or nitre; or
R* is C;-Cs alkyl optionally substituted with hale, cyano, nitro, hydroxyl, or C;-C; alkoxy; or
R™ is amido optionally substituted with C,~Cy alkyl;
each R* is independantly halo, cyano, or nitro; or
each R is independently C-Cy alkyl optionally substituted with cyano, or halo; or
each R* is amido, optionally substituted with C1-C; alkyl;
each R*, and R™ is independently H, halo, cyano, carboxy or nitro; or
each R®, and R™ is selected from C;-C; alkyl, and C;-C; alkoxy: each of which may optionally be
substituted by one or more halo, or Ci-C; alkoxy;
or R® and R*™ are joined together to form a 5 or 6- membered cycloalkyl, 5 or 6-membered
heterocyeloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl;
R* is halo, cyano, or nitro; and
mlis@Q, 1,012,

{0018]  Also disclosed is a compound of the invention according to Formuia Ib below:



R7 is halo, cyano, C14 alkyl, or C14 perfluoroalkyl; R8 is halo, cyano, nitro, 014 alkyl, or C14
perfluoroalkyl; pis 0, 1, or 2; g is 1, 2, or 3; when p is 2 then each 12.7 is the same or different; when q
is 2 or 3 then each R8 is the same or different, and pharmaceutically acceptable esters thereof.
[00201Also disclosed is a compound according gg4~ormula VIl wherein X isO; R5 is H, C1-C6 alkyl,
C3-C6 alkenyl, or C3-C6alkynyl, each of which may b@Rfisubsti uted or substituted with cyano, one or
thereof, gra carboxylic ester, and preferably

Ry, )R6b is H; Roe is independently selected
Réhmmay be unsubstituted or

0)
G

from H, and C1-C6 alkyl; R7ais *!;{t,bhalo cyany Nz
substituted with one or more halo; RZ1-s.haley. cyale;-pi C1-C4 alkyl, which may be unsubstituted or
substituted with halo; each R8', and I depeidently H, halo, cyano, CI-C4 alkyl, each of which
may be unsubstituted or substituteadDy.grfe or mote halo; R8' is halo, cyano or nitro; and plis O, |, or
2. [0021]In a further aspect, the%4r°esent disclosure provides pharmaceutical compositions comprising
a compound as described herein, and a phafinaceugical carrier, excipient or diluent. In this aspect of
the present disclosure, the pharmaceutical composition can comprise one or more of the compounds
as described{&7Bin. Moreover, a compound of the present disclosure is useful in the pharmaceutical
compositionsiafdtiiatment methods disclosed herein, is pharmaceutically acceptable as prepared
and used. [ROZ2}ALs0 disclosed is a method of treating a mammal susceptible to or afflicted with a
condition from amqng those listed herein, and particular e-related diseases including, but not
limited to sarcoperii)}a(\,:l'scsc?n"3 fffg)%ré’% é?a(g‘h%@a %ﬁ@rﬁ{%& gg&iéﬁ@c{:{éﬁ 1b§ ﬁ%eaagélgl ir?gf%%ihgﬁ,aﬁ ?f not
limited to, cancer aach ADShibomeadtjointdibessbsitaadnvad sstaoperosis, redudtion dibigb and
sexual dysfunction,gs.aagmidcwbichsethod comprises administering an effective amount of an

agonist or r@gg?éjsggggd%%{%%g{@nﬁétr?ﬁrﬁgg@ @%%?ﬁggﬁ% herein or a pharmaceutical composition

comprising an agonist or mixed d'as herein described. [0022a] In a further
aspect, the presenk discieglatiee pravidds abripotintdsefemdriise efindalyscepiamiyy dsedsiefihed
herein for use in mgdicing.o[Q023pAisordisclosed iscaanethod of treating a mammal susceptible to or

afflicted Wltga%?ﬂm%%q{d%y %Q%%Q&enﬂy selected from H, and C,-C; alkyl; or

R* and R™ may join together to form a Cs-C; cycloalkyl;

R* is H, halo, cyano, or nitro; or
R¥ s C;-Cy alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C,-C, alkoxy; or
R™ is amido optionally substituted with Cy-Cy alkyl;
each R™ is independently halo, cyano, or nitro; or
each R™ is independently C;-Cy alkyl optionally substituted with cyano, or halo; or
each R™ is amido, optionally substituted with C;-Cy alkyl;
each R* and R* is independently H, halo, cyano, carboxy or nitro; or
each R4a, and R* is selected from C;-Cs alkyl, and C,-C; alkoxy; each of which may optionally be
substituted by one or more halo, or C-C; alkoxy;
or R* and R™ are joined together to form a 5 or 6- membered cycloalkyl, 5 or 6-membered
heterocycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl;
R*is halo, cyano, or nitro; and
mlis0, I, or 2.

[6018a] Thus, in one aspect, there is provided a compound according to Formula Ib:



tumors, such as prostate cancer or hyperplasia, which method comprises administering an effective
amount of an antagonist compound of the invention or a pharmaceutical composition comprising an
antagonist compound as herein described. 10023a] In a further aspect, the present disclosure
provides an agonist or mixed agomst/antagonistggmpound or pharmaceutically acceptable salt
thereof, as defined herein for use in treatmentQy AAZxis of cachexia, osteoporosis, sarcopenia, a
distlosedds a compound as described herein for
use in the treatment or prevention of a carditiqn selected-frgm those listed herein, and particularly
age-related diseases, including, %not limited penfa, cOdltions of cachexia and muscle loss
induced by diseases including, but nqthmited kR, ¢ and AIDS, chronic obstructive pulmonary
w nia

disease, chronic renal failure, therma %, bong and joint diseases, such as osteoporosis, reduction
in libido and sexual dysfunction or a “whichXnethod comprises administering an effective amount
of an agonist or mixed agonist/dﬁ‘f‘égonist compound as described herein or a pharmaceutical
composition comprising an agonist or mixed agoniggantagonist compound as herein described.
[00244] In a further aspect, the present disclosure provides an antagonist or mixed agonist/antagonist
compound &7&rmaceutically acceptable salt thereof, as defined herein for use in treatment or
prophylaxis®fsghdrégen dependent tumors, such as prostate cancer or hyperplasia. [0025]Also
disclosed ispa g@mpound of the invention for use in the treatment or prevention of a condition selected

from those listed herein, such as prostate cancer or rplasi inch method comprises .
administering an e elcstisveeeg?rt]i]o%oﬁ{§éﬁazl?ﬁgg%rééf E‘%fﬁig und %Xyeeg% igéﬁhéﬂwqg?rﬁl&ﬁgﬁﬁ%emical
composition compeksihglarhihtagp vigtoosipsunbsaethéreith daseribedo]0826 alsohdiseiobean Gré’s
methods for synthegiging a compound as described herein, with representative synthetic protocols and
pathways diselosed later on herei 027 isclo » methods for determining the agonistic or
antagonisti?ié?iiqﬁ f/(iocf(s ?grgmfpb%@rlﬂ?g 2’&3@@@%@?&?&%@2@%000@ingIy, itis a principal object of
this invention to prividfesdesitddise fes oredmpblnds 2liich Esh thodidatesherteinpepetheitrdrogen
receptor (AR) and hisupreventmbdigaiiany, maladiges.that may be causally related to aberrant activity
thereof. [00234kis adyriher,eBiecknihaLiesenh nvanliondo pipyide a compound of the invention as

aforesaid that can fynction as an agonist or mixed agonls]t/a?lta onist of the AR, and is thereby
effective to treat oralfé\i&te AR &€t e aSetatedendidhses including, but not limited to
sarcopeniaRcbinditions ofznachexia;and muscle loss induced by diseases including, but not limited to,
cancer and AIDS, bone and joint diseases, such as osteoporosis, reduction in libido and sexual
dysfunction or angmia. [0030]lt is further an object of this invention to provide a series of compounds

that can act& AntgBITRIEGF AR Sra hL IRy are effective to treat or alleviate maladies or

symptoms of same, such as androgen dependent prostate cancer, male contraception and benign

hyperplasia.Qfitihe preskete, p¥ayiaRARdPEeRSL AR GEIH RN ASAgCt @ compound of the invention is
an antagonist or partial antagorist and is of use i tag(e preyention and/or treatment of androgen
dependent tumorseﬁ?@zali ?H‘g%ohsdgﬁ%c %ﬁigoﬁ’hiéﬁ% gti?‘ﬁélgﬁé% jutd BE o t‘%f%lh%&ﬁ%ré)a&?ﬂ%@%ne,
alopecia and hirsutidniiteed aenaftanestivoaspectthikeompound of the invention is a selective
androgen receptorriagilatoriagenist Rgamixed aganist/aniagonishiihal candagHsedoindhe thieatment
of conditions of caggggiéa qgaql(rrf SIJ%_}/HVQSQQ dis rgr sr(%rl%[aum igg dqll& not Iimited to cancer-induced
cachexia, HIX-.induced‘f M ucocarticoidin ucecf,ell%l‘nobiﬁsatlon-m Ucéd, digttinduced muscle loss,
thermal burfs, ithtsnfedenar fRirdchronic obstructive pulmonary disease) age-related functional
decline (including, byt limited to sarcopenia) and male and female osteoporosis. 10031]The present
nvention also,RiavIdeR;pIRFERSR(eLANe RidALElon oL AROIIRRING. YL Ihe ivellign, pharmaceutical
compositions containing a compounc? of the invention ané]the Use of a compoundoo the invention in
the preventtbABRIFBAHHEAEGPIEPIS BHERFERE disorders disclosed herein. [0032]A still further object of
this ifpéesitionAséalpevidesphanmpaceuticaticpmpasitionsvapmprising or ncluding a compound of the
invention, for the therapeutic uses recited herein. [0033]lt is a still further object of the invention to
provide methods of treatment employing a compound of the invention and/or a pharmaceutical
composition of the invention.

Sa



1003410ther objects and advantages will become apparent to those skilled in the art from a
consideration of the ensuing detailed description. WO 2010/029119PCT/EP2009/061733 DETAILED
DESCRIPTION OF THE INVENTION Definitions [0035] The following terms are intended to have the
meanings presented therewith below and are useful in rstanding the description and intended
scope of the present invention. [0036] When describiigheinvention, which may include compounds
of the invention, pharmaceutical compositions coRfaitiing/such compounds of the invention and
methods of using such compounds of the inve R compositions, the following terms, if present,
have the following meanings unless otherwise i gtee.-RShould also be understood that when
described herein any of the moieties defined forth bv&e&y may be substituted with a variety of
substituents, and that the respective definition inte@ded to include such substituted moieties
within their scope as set out below. Unlesg gt e stated, the term "substituted" is to be defined as
set out below. It should be further unders{o d that the teyms "groups" and "radicals" can be considered
interchangeable when used herein. [0037] The articles 'a’ and ‘an' may be used herein to refer to one
or to more than one %.e. at least one) of the grammatical objects of the article. By way of example "an
analogue” me&nt§ Bne' aAXISdtie BFThor&at iy B ahiat SURESDHAET VIR AsrEe AR ABREEICTEYTTR 20,
where R2 is hydeagemsC1-C6 alkyl, C3-C7 cycloalkyl, C3-C10 cycloalkylmethyl, 4-10 membered
heterocycloallyl; iy, arylalkyl, 5-10 membered heteroaryl or heteroarylalkyl as defined herein.
Representative,examples includ tfut are no Iimit?d to, formyl, acetyl, cyclohexylcarbonyl,

cyclohexylmethy ¥R banz B afid e RIRARBSHY1. Exemplary “acyl' groups are - C(O)H,
-C(0)-C1-C6 dlkyd hal( QYo @HRCE-CilhdryhC O ¢eHyPB-10 membered heteroaryl), -C(0)-
(Cf13),(C3-CLOigcycloglkyl), and -C(0)-(CH2),(4-10 membered heterocycloalkyl), wherein t is an integer
from O to 4. [00133%] yic garnino refers to a radical -NR22C(0)R23, where R22 is hydrogen, C1-C6 alkyl,
C3-C7 cycloaﬁ(yl, 4-10 membered heterocycloalkyl, C6-C10 aryl, arylalkyl, 5-10 membered heteromyl
or heteroarylamirdrie RESB pediirs desrsama o Eieyl C3-C cycloalkyl, 4-10 membered
heterocycloalkyle:CH-C1H andn astalkyd ik-dhenemirereed heteroaryt or heteroarylalkyl, as defined
herein. Exemp %%;96%%@%9'gnt%!)qggstetguﬁlal%% ot limited to, formylamino, acetylamino,

cyclohex IcarBony_amlno, cycTo%exyhnetsh _fcar'onylamino, benzoylamino and benzylcarbonylamino.
Exerﬂmza‘ﬁ/ “at¥iafiA S@r@&&‘@?@lﬁﬁ?@%ﬁ@)@@fﬂ@%ﬁé@yl, -NR121'C(0)4CH2)1(C6-C10 aryl),
-NR21'C(0)4CH2):(5-10 membered heteroaryl),s8R21'C(0)- (CH2),(C3-C7 cycloalkyl), and
-NR21'C(0)-(CH2),(4-10 membered heterocyclgalkyh®®herein t is an integer from 0 to 4, each R21'
independently represents H or Ci-C6 alkyl. [0040] [Al efel’s to the group -OR26 where R26 is
C1-C6 alkyl. Particular alkoxy groups are hethoxY ~HAPRQROXY, isopropoxy, n-butoxy,
tert-butoxy, sec-butoxy, n-pentoxy, r-hexexy, and N2-2%WO 2010/029119PCT/EP2009/061733
dimethylbutoxy. Particular alkoxy group$ lowey alkoxy, i.e. with between 1 and 6 carbon atoms.
Further particular alkoxy groups hayesbetween 1 &nd 4 carbon atoms. [0041] “Alkoxycarbonyl' refers to
a radical -C(0)-01227 where R27 represents an CIE%S) alkyl, C3-C7 cycloalkyl, C3-00 cycloallcylalkyl,
4-10 membered heterocycloalkylalkyl, aralkyl, or 5-10’membered heteroarylalkyl as defined herein.
Exemykagin"allcoxycarbonyl!" groups are C(0)0-Ct-C6 alkyl, -C(0)0- (C1-12),(C6-C10 aryl),
-C(0)0-(C142)k(%-&9Q membered heteroaryl), -C(0)0-(CF12)(03-C7 cycloalkyl), and - C(0)0-(CH2)t(4-10
membered hetgrocycloalk eintisan.i r from 1.to 4..[0042] 'CD-Aryl-carbonyl; refers to a
racical C(0) 033 30 e b AR R At T AR E et
"0-Aryl-carboriyith greefp$18 CCeI0bEs6-C10 aryl). [0043] “Hetero-0-Aryl-carbonyl' refers to a radical
-C(0)-0R3" whetaRBIrepresasis abr dDderenibemdbeieroanphasdefinedhetainb[004A8 ONkyl' means

straight or brae hed ali hﬁ%t'éco ydroca 1to.6,garbon atoms. A further particular group has 1 to 4
carbon atoms. g@%ﬁ*agrﬁ/ str‘a@@?{t %(rf]z{iﬁe (grosﬁg)é include methyl, ethyl n-propyl, and n-butyl.

Branched medns'tfit one or more lower alkyl groups such as methyl, ethyl, propyl or butyl is attached
to a linear alky’tRdideexdenpiarcbrdrichet, ehain, grodips; include isopropyl, iso-butyl, t-butyl and
isoamyl. [0045]'Amino’ refers to the radical -NE12. [00461 'Alicylamino’ refers to the group -NHR34,
wherein R34 is C1-C6 alkyl. [0047] 'Alkylarylamino’ refers to the group -NR36R37, wherein R36 is
C6-C10 aryl and Rr is CI-C6 alkyl. [0048] 'Arylamir?o' means a radical -NHR4 where R4 is selected
from C6-Cm aryl and 5-10 membered heteroaryl as defined herein. [0049] "Dialkylamino' refers to the
group -NR42R43, wherein each of R42 and R43 are independently selected from C1-C6 allcyl. [00501
"Diarylamino’ refers to the group -NR 46R47, wherein each of 12.46 and R47 are independently '

selected from C6-Cto aryl.




[0051] "AminosulfonyP or 'sulfonamide’ refers to the radical -S(0 WM 2,- -2. 1100521 AralkyP or
‘arylalkyl' refers to an alkyl group, as defined above, substituted with one or more aryl groups, as
defined above. Particular arallcyl or arylalkyl groups are alkyl groups substituted with one aryl group.
(00531 "Ary! 1S {9, g monovalept gLf,rnéﬁachhlxdrgcaaee@t%%ﬂ%rds%{;wg B fheiemaval gl gne
hydrogen atom,g‘roni a sfn&f1 i t aromaitic, rin mrtlcu%kgrgi 5efers to
an aromatic rig @ﬁf}(?tﬁ?’én%‘gnd OFV 18 uf‘ﬁ% SHefchYs %Pgﬁqlg:q]éﬁ 10y AR8MberE more
usually 6 to 18, Wh‘&%’%@%‘r&ﬁg?@ wrﬁe fcopitg SyBtehPYdretaratit ‘if’@éﬁ‘f?ﬁﬂ% Brbon
atoms. Typlcaﬂnﬁﬂﬂlg?&m@mclude but are not limited to, groups derived from aceanthrylene,
acenaphthyleﬁe iskdpremmhmienad WO 2010/029119PCT/EP2009/061733 anthracene, azulene,
benzene, chryséig lcordnene, fluoranthene, fluorene, hexacene, hexaphene, hexalene, as-indacene,
s-indacere, indafhehindgnd, haphihateielcoctarenticostapheneicacialgnaiovalengipemiacdothiéne,
pentacenesRaMalenanpepiaphreaidriiencphenalendnahenanihene; picengepleiadanergpytene,
pyrapthraneufull eanRstinhenyiepardiinaphihalenadlasticutady arvkgraipsnahidepheny, a
napm&x omctmdre L setiabwdranaphihyl; n[%%ﬂm a[%tﬁﬁﬁ(;s@nmﬁ fadicalnG O BRORRY
Carggpg,{l rgLel %chggcgaéi%% &%@%"ﬂré&a@é@n&%&@a'kyr refers to cyclic non-aromatic hydrocarbyl
grou mgdso(:)gl'n c:?osed IS megln S SUC s ?% E)%J RS Oﬁa?HJ qu \QXhV\e{a(%n%gt%)t(lamelgmgﬁ gle
rlng uc lijsgg SLIJ_ecI c O‘S@TW re e%'%éea 2o q}/(% 0 1 ?n ¢ c o e 057 ] yano'
fi% i ﬁ %

refers (fo the en. re ers 0 Iuoro iodo
Sﬁﬁa%%u BB ATEthiy fiie olF‘ RitsH. TR RS, ST &% egésﬁ%e aem“
comﬂﬁ%&so?”éhg%ﬂﬁeﬁi"@‘é‘@ﬁt i ianinh dhia mééﬁ’glfh&vmwaféwb&%‘wﬁ?@ﬁ? RS ound
or grespTusEn D ee KT RYHIMCEIOBY &t GeuRS OXyHEe! BrosiffaR MO SIBRT Mete TRy beeHHp et to
any ohthesbypdrobarbytdiroupeiasedioe deabole sindd agoniiikphteeifictarpaiy ks dyrivalryried.
hetei6e321balky4, arjkrexpetie ter gagsdntojistbatie pydyideg acyoiphete roalkemytcairnd theclikedhandng fFrom 1
to 5, afidepaeticn arlystramdiiond. heteroatoms. [0060] "Heteroaryl' means an aromatic ring structure,
mongagyglic auRolyRYske, ithaashddgenR Ok Mare: NeiempHdm Soarthfite.d 2/ il gniieyabessendare
usualiynar{Osl@ HOG-FRRmbeIR: TheypeisaarvhGoMBIcan-Bepiosexamplesif five. membened Qb sk

membered; 95}919&9!&00@% QE@M@/@}C&%EH&%QJIQEFL%%MH]QW'é&gppl\!ﬁfﬁlg SixJnembsred.ings or
two fysed glx.mem bered rings or, by way of a further example, two fused five membered rings. Each

fing MgYaG f‘“%ﬂﬁ i I AieeaamARGe bt eescatgq forr%@ teagn, sHlpl And: asyget;Typicaly
the h téroanylrin vﬁ C Q}aln u 1h etegofat s mor, |ca ¥r %}0;3 eter oms Nyl le)lalgually
up td’27 161 %anm‘”‘“"‘&m fo BEtEIGATENES IFEOM er%m ?{]F]e FeteroaryPrig contains at 1east one
ring AitFS ‘érﬂsﬁta?ﬁoﬁ’ﬂ’éarﬁtﬁfﬁj@ﬁ B ﬁﬁf‘i’esﬁ}é‘fﬁlr éﬁ‘ 1r?ﬁs can be basic, as |n the case of an
imidd9BHEl or PRI 0879es SRR HOH - BRSTOHS AR C dSe B b SHTBRASF BYRBIECRIf0YEHdiHOn
genetdfdise Remberoltrishemitond patiseprasastarciogre roaiditrdis SidiadiFlass LRt group
substitadiftssoftttieheng 2 inbeclelnsstindncfiy by Bixenspiod witydurmribeiediionemetyelic HBte rbEsjr
groupbsinclicedubary dotdimitbebte pyraiofs]uier drepthidpieneimidd rote dhrasamdxazolegroxadiazole,
oxatriedeten soXsdoledthiazo|eysisothiazealexqyiranalel inazeleanditelrazalesgrogps. Examples aftsix
memizere dhRNROGY Gk RE eyl @IRs itekyoend uk areabinmied torpyridingapyrazinenpysidazine,

pyrimidingsapd.driasine .Rartiulanevamplesalbisyslic.bsirieartgrups containing a five membered
ring figgeshfo anotierfive, membsrad fing.ipaiide Mdang Aridimiied 19 imidazathiazelsiaRbnpound

ImldaZOIEn]gl Q&J’g\r% %E)l%xs%rlpﬁlgl%oqf EEC% %J‘ﬁéﬁ:‘ig %WILQEOHD&:&\L%QH or prophylaxis of androgen

2010/05n en Larids Su%l? 0f %LZe Csn%gln('g nin A six membered ring fused to a five membered rlng

mclu?éji)it ar ’I| éﬁ i)enz ura#1 khlo%he e, benzmldaz le penzoxa ole, }sobe%ztoxazole
O O8E LT mven se m i eh Or Préeventon

benzISoX zoIe sbenz i5zole’ 180th1az0ie IS0benzo uran Indole, isoindaole, |somd%lone mcf’élllzme

indolifECRbiRgLHRE ﬁfﬁqﬁ]@rf@gsucgd’éﬁfﬂ%&&ﬁ‘ﬁﬁﬁ’igﬁ DiRSERY3STE, pyrazolopyrimidine, triazolopyrimidine,
benzodioxole and pyrazolopyridine groups. Particular examples of bicyclic heteroaryl groups
containing two fused six membered rings include but are not limited to quinoline, isoquinotine,
cluoman, thiochroman, cbromene, isochromene, chroman, isochroman, benzodioxan, quinolizine,
benzoxazine, benzodiazine, pyridopyridine, quinoxaline, quinazoline, cinnoline, phthalazine,
naphthyridine and pteridine groups. Particular hctefoaryl groups are those derived from thiophene,
pyrrole, benzothiophene, benzofuran, indole, pyridine, quinoline, imidazole, oxazole and pyrazine.
[0061] Examples of representative aryl having hetet atoms containing substitution include the
following: aY , Y'nd wherein each W is selected from C(R54)2, NR54, 0 and S; and each Y is selected
from carbonyl, Nle, 0 and S; and R54 is independently hydrogen, C1-C6 alkyl, C3-C70 cycloalkyl, 4-10
membered heterocycloalkyl, C6- C10 aryl, and 5-10 membered heteroaryl. [0062] Examples of
representative heteroaryls include the following:



wherein each Y is selected from carbonyl, N, NR55, 0 and S; and R55 is independently hydrogen,
C1-C6 C3-C7 cycloalkyl, 4-10 membered heterocycloalkyl, C6-C10 awl, and 5-10 membered
beteroaryl. [00631 As used herein, the term “heterocycloalkyr refers to a 4-10 membered, stable
heteraeyeclic. ROR-RIGMANCEIRg; aRMeRINCHILING z[jﬂgz%tc&fﬁﬁimﬁgogﬁ?&&m% hetriaalaMsrein or a
independentlﬁs lected.from N, Q and S, fused thereto.éAf se hdeter.gc(}/clic ring system may include
carbBRYEIREH @af%?ﬁﬁ’%%%’a AN THER e BRE HE&PBRIHIT TG EXSASPISE of heterocyclic rings include,
but df83edt limiteddieslesrdrphrotireiodip &ridirehapid2 616/0201HoRCGIEER2O(9/081 V3B (ergpsentative
1-pipgridinylprrpipe HstinyinJapirerdiryliasd.4wRipericlinye, pyrrolidine (e. g. 1-pyrrolidinyl, 2-

pyrralidinyl and 3-pyrrolidinyl), pynnlidon ran (2H-pyran.or 4H-pyran), dihydrothiophene
iyl ron IR Bl F U B e AROTAL (A ARArBMS bR ENE. R o
tetraBgpdrdpy rarsife.g. 4- tetrahydro pyranyl), itnidazoline, imidazolidinone, oxazoline, thiazoline,
2-pyraagdine, muazaligineispiparaginebrac NLakylRRerazinesdsucih-as s etyhpipemzingcFuther
examples paiizinonaRaine aNdis s -ogdeane pigrds Rarticlain R ARNReL I
further examples mcl’ﬁ_ e azetlélr%e, plpgrldone, piperazone, and N-alkyl piperidines such as N-methyl
pipefiiifd. ipahitiEuAcERanisiestof heterocycloalkyl groups are shown in the following illustrative
exan@ies: --1W\M fulihe?bdjwwherginpeaelt MildgiselegteddeanotRbod GRS 2n MR 56; Orand Gatand each
Yis %ﬁ!&%ﬁ’ gsf£9 %{M@ﬁo@ ’rxgx%[:l] gggngtgé% 3 %%étsolﬂgg RN Qxﬁi’ﬂ%ﬁ%ﬁl@&f“e@u@ ]técc\i'@a@%)ﬁll'legﬁf%a%gal lcyl,

4-10 membered heterocycloalkyl, C6- aryl, 5-10 membered heter,oarylfL These heterocycloalkyl
ringssmswo@%ﬁ%@fﬁ%%ﬁ%&%ﬁﬂfﬁ@&lsmwo% e GRORUTE Sk| SRRET RO Y tF T BRE TSN SF acyl,
acylamiine] agylsxyet-Deacih g0 GEONRRE) talkoxy; alkadyatbonyhdlkoxyiseadearrytarminsteoporosis,

(-NRglkxycAmany Ol LR2H) »amino, substituted amino, aminocarbonyl (amido or
-C(0)-NR72), aminocarbonylaming (-NR7-C(0)-NR72), am_inocgarbon loxy (-0- C O%-NR?Z ,

amin@4itonylt SURBRTIARIREC A M ORI B LSt ARSTR B Galks) Halsy &R HFArER “hitro,
thiol AB-aillkdythat S, o8 (@eetficylic S(@)-aryilevBO)RlallsA onmduS(0y 2 &nyheSubs ttidw gprotspsnitvsiude
carbgnylar thiacarhenyhwhish Rrovideniornsxannig Jastamand WaddaliMative s: {0064 ohbydpexy’
refers to the rgc(i)ifcgl -OH. ;000.65 ‘Nitro' refers to.tpe radical -1\4(13826 f{OOGGLégubstith%d;nrcsfers fo a group

. Mpous & 1nvention 1s ntaconist or 13l aptagonist a se 11 reyen Or itepimen
In Wf‘ﬁ((::ﬁ ne or morenhyérogen alo are e %‘ﬁ iInaependently repPaced WI% the same or different

substifuetiei Tspsicknsubstitven g podisate diathitb MiRHEmrbtpconsl Sty B aibysh 2RI, -0-,
=0, -ORBRLia-SR BfsuBn NER, ANWmaGe BpeC iR, caNorQGNheSEANG, = NR2iveMRirodid, reSd@p20-,
-S(0)20H, -S(0)2e, ~OS(02)0- -QS(0)2R57, -P(0)(0-)2, -P(Q(QAR57)(0), -0R(Q)IORE7)(010, -C(Q)R57,
C(SJREbR A e G M R R el
-N1259€IS)1REY TisorfiREBCadRG Oy RS FRB8i e aeq Ry REFRYS; HAYdgnduced, glucocorticoid-
201016291 1 9RGHERIAONHEH7 3Benibarein eastiiR5%s, RESkL. borand-Renareringdepsintenthyonic

ydrogen: &+ 5o.alted, &&%}Qg%ry&a@w@#%hn93d&§n9ﬁﬁlaam 4l membere galasé@&%mm

h
5-10 membered heteroaryl, heteroarylalkyl; or C1-C6 alkyl substituted with halo or hydroxy; or
C6-C18 SRAlesitsR@Nhered heteroaryl, C-C7 cycloalkyl or 4-10 membered

[0031] The present invention also provides processes for the production of a compound of the invention,
pharmaceutical compositions containing a compound of the invention and the use of a compound of the invention
in the prevention or treatment of any one of the disorders disclosed herein.

[0032] A still further object of this invention is to provide pharmaceutical compositions comprising or including
a compound of the invention, for the therapeutic uses recited herein.

[0033]  Itis a still further object of the invention to provide methods of treatment employing a compound of the
invention and/or a pharmaceutical composition of the invention.

[0034]  Other objects and advantages will become apparent to those skilled in the art from a consideration of the

ensuing detailed description.



heterocycloalkyl substituted by unsubstituted C1-C., alkyl, halo, unsubstituted C[-C4 alkoxy,
unsubstituted C1-C4 haloalkyl, unsubstituted C 1-C4 hyclroxyalkyl, or unsubstituted C1-C4 haloalkoxy
or hydroxy.woaparieyiar embodiment, substituted groups are substitutegatthrans osimere
substituents, particularly with 1 to 3 substituents, in particular with one substituent group. [0067i
Terfluoro' when used as a prefix, refers to a group were all the hydrogen atom(s) of said group have
been replaced with fluorine atoms. Particularly, the term perfluoroalkyl, refers to an alkyl (as defined
herein) in which all the hydrogen atoms have been replaced by fluorine atoms. A particular
periluoroalkyl group is CF3. DIOGSIUR R PESKRIPAINGIAF afiBINFIENT I substituent group or groups
are seglggted front halo, cyano, nitro, trifluoromethyl, trifluoromethoxy, azido, -NR-SO2R,
-SO2NR711.7, -g'%gélz?, -C(0)0127, -0C(0)12.7, - NR7C(0)R7, -C(O)NR7R-, -NR7R77, _
-(CR-HBBR Fhovilpaiindsen Ky RIS feerly SerabietPifom e e N 1o 1e8id10 aryl),
-(CH2) (G s1dnnaam bergdcheteroary e Qi 2d{EC3+6: pystoatkydhtiand -(CH2),(4- | 0 membered
neterggysinali XL SANI0RASL TAT0.R a0 2o Allod IPURSRIGRER! Rk GMEPIves
be substituted by halo or ﬁ)fdroxy; and any aryl, Heteroaryl, cycloalkyl or heterocycl%alkyl groups
preseAETRRA IS PENERD R EU BSindEY Ly R ibsttine 48 1oethodig!, als, s Gpshausl ethes
alkoxynimsuhshituteshliidd alo atkidwimnsuhatititetdst: Cray drexyatkyih omenswbsiitiste ditaloalkoxy or
hydroxy.. Each R" independentlyrepresent r cl1-C <yl JO Sulfa! or id' refers to a
radica g}%%%éﬁgé%u 1%8%%(5]][}/ éehéoﬁsg\iﬁ?%%%%} r%ﬁ%%ﬂ?;}?y%#edg}?t%gf%réggﬁ%%%%%%icsm%vﬁlﬁégﬁggnize
that tHEam BT HRINB S oFRERs rdfatedups stablbatdhe rsfe sty FedrdiBido R et deyefiedrip dosktdether it
iS aromeheuBENRARMAIGCyiGidalerisatkbithe: sevolUhessing:thedegeeaiofitmsaiationiand the
valence .of the heteroatoms, In ral rocyglic.rin ve ane to four roato o long
e e R B S b b AR
means§aprsEE I EpBtelapenysadrByEfatory agency of the Federal or a state government or the

correspoendingTageRYi cauntigsRiher thanibedinited: [aieseab thakisisted indhekdsSone) of

Phar _cp.oeiat.oriotg]er “g(/g\;?g%rall . recagnized pharmacopoeig for yse in animals, and more .,
rﬂ? TRRURans o f(l)?29 IBCTEBIBGo 1061755 dee(f]nﬁﬁarmacgﬁﬁcaﬂy acceptable

particﬁ T ARTOR AT M VoL
salt' refergnedogusalt of a compound of the invention that is pharmaceutically acceptable and that

posseggpgihe degiradpharmageiagical petivity.af theipa nepeungloIn particulas. gychrsalts are
non-toxic may be inorganic or organic acid ad%l%%] sa}lt§ an g@(segad_(ifélon S%I)ts.efipemflqallly, such
Salts RIS FDP I AldiiaaEtes ro AR VA b giite AEHLEbC A% FGTEGHb e o
hydrobeemigadid] sulfigfiged diekemitriB actdynphiospheriplecidslahd the dikewolifoitpded, Withdrgastid. acids
such a3 RGRNG IR DI ARIGNIEGRILINERNRIG akith Y HiaReHIARERIARIORicAGId, OWSPliG afid.Ryruvic

acid, lactic acid, malonic acid, succini¢ acid, malic acid, maleic acid fumarli)c a i]d,‘tartar'c acid, citric
acid, B8F e - 3Gl E ATy ez B, SRALE Geld, FPRTETe KA Rbthaeiulfonic
acid, efifan&sulfarickelily! L 2etidOe-EiBultenic moithe2<hiydroxyekvdinds atfonit asidp barmee fresulfonic
acid, 4zchlorobenzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, 4-methylbicyclo[2.2.2]-oct-2- eng-I-carboxylic acid, glucohcptonic acid,
3-pheiB B pioARY B trifRisthyiactri@dicall Pk s Bhityl et KcidIuiPstirufic ot guaifie acid,
glutamiciaeitlyhytioxymaphthoichaecide wakdiic atid; stearic agidkyiucbhic acidbandl theclikeylor(2) salts
formeq uheR ANAMiL AR RESERL o R pAcert camBARA eIl ErieRIAcRE R AMSLAl o1, €.

an alkali metal ion, an alkalirie earth ion, ‘or an aluminim ion; or cogrdinates with an organic base such
as ethHHbIAMRIEY distiaReRifiFHbh eatEH SRR AR At HFEaRH P SHd tHe MRS A Rifer
includmcbmthqixemm pileimm]yo,sﬁﬂinmmmtassmnapﬂmcimpmagaesmmglmmoyﬁi;phg;cyhnethyl—
tetraalkylammamiin. ARgihe:ikeu AR B0 e cam %%1%%?@5@%%@%&%&%%@3@@1@“ non

toxic organic or inorganic acids, such as hydrochloride, hydrobromide, tartrate, mesylatg Acetate,
maleate, %}atﬁ%aq@"f&g?)ﬁﬂé’rrﬁwﬁhé"ll?ﬁ{acgiﬁ?é@ Zé(éélaopt%’ﬁmb%ohm%ﬁé?@toﬁﬁ até8htable
cation{CHouWOter-ion: bk ikl pcicic NRTCHHORL GFoME: Suckniatisins:arecexeniplifiechbyisodium ipegassium,
calciu@Omgﬂp’%&%ﬂmg&i@ﬂti@g&g&@!g@Q;nqﬂj@%&?{[_ions, and the like. [0073] 'Pharmaceutically

acceptable esters' are those which'are sufficiently non-toxic to be regulatorily approvable. Preferred

estersl8PdBnosplierit edesrt Hietenvatl e ¥ eorisdnd e alpdx e ests ki garpire methoxy,
pharmageuticallyracceptablecpsters mayoke fasrmedwith phanmase utieathvaccepiableyacids, such as
phosphoric acid and ester-forming derivatives thereof; such as alkyl and dialkyl esters of phosphoric
acid, and organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid,
glycolic acid, pyruvic acid, lactic acid, malonic acid? succinic acid, malic acid, maleic acid, fumaric acid,
tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid,
4-methylbicyclo[2.2.2]-oct-2- ene-l-carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, gluconic acid, glutamic acid, hydroxynaphthoic acid,
salicylic acid, stearic acid, muconic acid, and the like. [0074] 'Pharmaceutically acceptable vehicle'

refers to a diluent, adjuvant, excipient or carrier with which a compound of the invention is
adminictaraed \WO 2010/020110PCT/EP20NQA/0R1722 10N075R1 traodriince' refare to comnoniinde




WO 2010/029119PCT/EP2009/061733 symptom), physiologically, (e.g., stabilization of a physical
parameter), or both. In a further embodiment, "treating" or "treatment" relates to slowing the
progressionygh thesdisaase. [0082] As used herein, the term ‘cancer’ refergda@snabglantor benign
growth of cells in skin or in body organs, for example but without limitation, breast, prostate, lung,
kidney, pancreas, stomach or bowel. A cancer tends to infiltrate into adjacent tissue and spread
(metastasise) to distant organs, for example to bone, liver, lung or the brain. As used herein the term
cance THERIAUE Bt ARTALtARORIFGHPCEH 1582 Ktibh s BUE ASHITAitetPtoS FEShYRTE: 1yHiBKoma,
leukaenriapfibrdisarcomas Habtompodarcdinariamcwrastocytoma and types of tissue carcinoma, such
as but el fimitad,i. coIrRG1alFanGeT . PIegAte SrGsk: swalkeetlung cancerapdmomsmall gell lung

cancer, breast canceér, paricreatic cancer, bladder cancer, renal cancer, gastric cancer, g,lioblastoma,
primafy foelkearfcet, ovararieater, fribierbaride Peravrsie RioyBakitornia 00881 AETkEd
hgreim&r&&epﬂnlfggani&@i&m&eaﬁto @mﬁibma ‘tymaex@eﬁa?b)gnﬂoLgﬂmﬁaaarbiﬁ@)@)(amcﬂmwmdmggers a
signal ggnpguction ieactie, dheabiitydo.alelcIbe Ack Af adrgRRien.Aleo kneyi AR e gonists

efficacy, refers to the ability of a compound to induce a bidlogical response in its molecular target.
[0084 A@Qs‘é“d*ﬁé?‘e‘iﬁ,“tﬁégfé?ﬁwheé?ff’&éﬁlﬁi’é‘f'y% U T Hediitaca Bhbtuhd that does not provoke a
biologjoalpespanseyitseib spondindiog tadcse ceppon Rtitilocks Orgampens aganisirmhediatted
respopses. [%(})(grg#@% “8%3*3?%%% Tme tgg@s‘%q@%%g(g%of thﬁ invention', and equivalent

‘ t

expressions, are meant to embrace c mpjunds of orﬁr%fate) as Qiereinbefore described, which
expres8idincibigem-théphasrheé utidemyi aecagied < Lalts Fantittie Bolvares etttieScohipvihsersior the
solvatgsofiRe phasmaceutisally acceptable salts, e.g., hydrates, where the context so permits.

Simil reference to intermediates, whether or nof they themselves are claimed, is meant.to
omord i S SRR TG LR b GRS OB At i SR 1o
hereirgrfop draingplé dtowitvout Enitalion sCHgBochikydd greupitatibrloha raingdy houtd Beobndidered a

represgnipiion Al.gaehmemberRt sald range. 08 d@RthendeyivativesRbihe.campaunds:el the
inventjon haye activity in both their agi(%and acid ,deéixative forms, hut |ip the acid sensitive form often
h

offers HIRAARGER B SHRIBING et COmbEaBM S A STy Freey in'Ad A ROATEH organism
- (see, BYiHdgardaincDesignohPraticeigsithp. 7-9, 21-24, Elsevier, Amsterdam 1985). Prodrugs include
acid dﬁgb\;f%t]ivesA\{yglgllﬁgl%V\/}é%Qrt%qﬁgi%%gg,sm%ﬁ@aqﬁmselﬁgﬁsa%(Eorc%ﬁmple, esters prepared by reaction

of the parent acid with a suitable alcohol, Of amlggegs_, preparedmby reaction of the parent acid compound
with al8dB&lituiéd-vrirsuipetiteiedtamiaosr -Md anikfrieR of fited asydides Csimplvhliphatic or
aromyipg £stersagmisias and anhydiidesndetiVesh fem'agidiggiupstpendanionHiescompawss of the
inven 'op_ ar%é)artégylarl}/ useful prodrugs. In some cases it is desirable to prepare double ester type
prodrugﬁgsm?fju £ fa%ﬁal o%%r/sgrkyl esters or ((alkoxycarbonyl)oxy)alkylesters. Particular such prodrugs
are thé0642b CDalkylaBReE gebiketwythargiol®7-CRI Rlibstitatid aojl, dnd TIME R arytaikydresdertof the
compapRdsofthednventiion. WO 2010/029119PCDEP2009/061733 [00881 As used herein, the term
'isotopic variant' refers to a compound that contains unnatural proportions, of isotopes at one or more
of the EXbHb thBHBHE Rt SHR P ABHpUId F dt ex ifipiB &t 76 Stopt! ariht gPRE KRB SEIRE an
contaifron€ o€ moye non-radioactive isotopes, such as for example, deuterium CH or D), carbon-13

(13C), ieapensla. (3, o he. i il Rengaisiondinaidina compound where stich isotopic

substitution'is made, the following atoms, where present, may vary, so that for example, any hydrogen
may bE%3HD, sy lkdriseremialkHerdes by wrifulteaienamnisyitre 15NC aHbFHHEedRE D ABS Sh a0 S ey
placerpenpofsuchalomswaxhrweternines withindhe-skil akthpart-hikewseinita inventioarmay
include the preparation of isotopic variants with radioisotopes, in the instance for example, where the
resultirgilé)%%‘)mpound may be used for drug and/or substrate tissue distribution studies. The radioactive
isotopE¥friumARd. SHtraind cambonlen ajcnatis @y dpsapamieniariJeused difdretingatpbsecinvdiesef their
ease QiiRcRERCLAtioN and seady, Breans-af detesiiomdmudher, Isompasndsymasleniepareaddhat arc
substit‘Ltthed with o§itrqn emit&ir] @tﬁp?s, §Léch asl g:,]'gF.JSO and 13N, and v 0 d bl% useful in
Positroh rﬁ"%é?oﬁo‘lcgﬁécg?éﬁﬂff %5 ) HUGeS o ré)%ml?]iﬁ‘gnélﬁbns’%?la ee}”sre%jgﬁtgsruoc%upgncy.?%ﬁﬁ] All
isotopibevarihustsuof ia compeunk ofthexinveritiorefsrovidia tsardin, tadibectiersr Ratcareriteieded to be
encompassedwithin the serae ©f campoundrofibe inention-as hetriprdsingd [0k s RIgO to be
understood that compounds that have the same molecular formula but differ in the nature or sequence
of bonding of their atoms or the arrangement of their atoms in space are termed ‘'isomers'. Isomers
that differ in the arrangement of their atoms in space are termed “stereoisomers'. [0091] Stereoisomers
that are not mirror images of one another are term&d “diastereomers' and those that are
non-superimposable mirror images of each other are termed 'enantiomers’. When a compound has an
asymmetric center, for example, it is bonded to four different groups, a pair of enantiomers is possible.
An enantiomer can be characterized by the absolute configuration of its asymmetric center and is
described by the R- and S-sequencing rules of Cahn and Prelog, or by the manner in which the

molecule rotates the plane of polarized light and designated as dextrorotatory or levorotatory (i.e., as
() ar (N-icomare rachectivvelv]Y A chiral comnoiind can aviet ac aithear indinvzidiial enantinmer or ac a



Is wherein Xis O or S; Rl is H; or 12' is selected from C1-C6 alkyl, C3-C7 cycloalkyl, C3-C6 alkenyi,
C3-C6 aikynyl, and C1-C6 acyl; each of which may optionally be substituted with cyano, one or more

halo, hydroxyh 9§ yhassstituted CI-C6 alkoxy; R2a is selected from H, S(Q)PlpRINEF)2. and
C(0)(CHAL1C(0)0OH; or R2a is selected from C1-C6 alkyl, C1-C6 acyl, and C3-C6alkenyl; each of which

may optionally be substituted with aryl, amino, or carboxy; nlis 0, 1, 2, 3, or 4; each R2b and R23 is
independently selected from H, and Ci-C6alkyl; or le and 122" may join together to form a C.:re?
cyclodyEE8 PHCalke esn SPor fitrs oo R iferids sik{rostio Mt stittreRfitheralfdecyano,
nitro, hyeh@xyheps-Glasdeathkdxy; auR3aigiamice aptiona)ysuhstitytediaith Cdleo iyl @aiten& 3b

%??%%21@§3§é§¥¥£1%9&9/%&%&%@&Tﬁg@g@%{%z3 BREDRIMSne,

independently is.halg, ¢
indep 'ﬁ@ent%’g -C61§lk)§/? uted with cyano, or ha each Rsb is amido, optionally

substitbéE iR RIRA SaeRimerand RAH R nabp erawndyrtdn s ey 4aeh beriadsrdr #itho; Or
each Réananchi4ths selected from C1-C6 alkyl, and CI-Cs allcoxy; each of which may optionally be

substiEeHbqu]by‘ r111eﬁ%r, W%?rhﬂlgraﬂécglfg(% Xy; or R4a and R4b are joined together to form a 5 or 6-
membered cyc oal yl, 5 or 6-membere terf)'cycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered

heterd&RfiSFeéCiarbrio, refrant, tht aitiesl £H@)¥AHs 0, |, or 2. [0096] In particular the present invention

providgafsFormeRURADF theinYepiiar AcRArIRE:onERURIR B IO Ik, WRBI8IR, 7 carbon atoms.
Such cycloalkyl groups include, by way of example, single ring structures such as cyclopropyl, cyclobutyl,
cyclopentyl, cyvelohexyl, and cycloheptyl.
[0657] ‘Cyanc’ refers to the radical -CN.,
[0658]) ‘Halo’ or ‘halogen’ refers to fluoro (F), chloro (Cl), bromo (Br) and iodo (T). Particular halo groups
are either fluorc or chloroe.
[0059] ‘Hetero’ when used to describe a compound or a group present on a compound means that one ot
more carbon atoms in the compound or group have been replaced by a nitrogen, oxygen, or sulfur heteroatom.
Hetero may be applied to any of the hydrocarbyl groups described above such as alkyl, e.g. heteroalkyl,
cvcloalkyl, e.g. heterocycloalkyl, aryl, e.g. heteroaryl, cycloalkenyl, e.g. cycloheteroalkeny!, and the like
having from 1 to 5, and particularly from 1 fo 3 heteroatoms.
[G060] ‘Heteroaryl’ means an aromatic ring structure, mono-cyclic or polycyclic, that includes one or more
heteroatoms and 5 to 12 ring members, more usually 5 to 10 ring members. The heteroaryl group can be, for
example, a five membered or six membered monecyclic ring or a bicyclic structare formed from fused five
and six membered rings or two fused six membered rings or, by way of a further example, two fused five
membered rings, Fach ring may contain up o four heteroatoms typically selected from nitrogen, sulphur and
oxygen. Typically the heteroaryl ring will contain up to 4 heteroatoms, more typically up to 3 heteroatoms,
more usually up to 2, for example a single hetercatom. In one embodiment, the heteroary! ring contains at
least one ring nitrogen atom. The nitrogen atoms in the heteroaryl rings can be basic, as in the case of an
imidazole or pyridine, or essentially non-basic as in the case of an indole or pyrrole nitrogen. In general the
number of basic nitrogen atoms present in the heteroaryl group, including any amino group substituents of the
ring, will be less than five. Examples of five membered monocyclic hetero.aryl groups include but are not
limited to pyrrole, furan, thiophene, imidazole, furazan, oxazole, oxadiazole, oxatriazole, isoxazole, thiazole,
isothiazole, pyrazole, triazole and tetrazole groups. Examples of six membered monocyclic heteroaryl groups
include but are not limited to pyridine, pyrazine, pyridazine, pyrimidine and triazine. Particular examples of
bicyclic heteroaryl groups containing a five membered ring fused to another five membered ring include but

are not limited to imidazothiazole and imidazoimidazole. Particular examples of bicyclic heteroaryl groups
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Xis 0 or S; R'is H; or Rb is selected from CI-Cs alkyl, C3-C7 cycloalkyl, C3-C6 alkenyl, C3-C6 alkynyl,
and C1-C6 acyl; each of which may optionally be substituted with cyano, one or more halo, hydroxyl,
or Ci-Cs alkgwy:Reiois gglected from H, P(0)(OH)2, and C(0)(CH2)siC(0)0k0¢ 3R is salected from
C1-C6 acyl, and C3-C6 alkenyl; each of which may optionally be substituted with amino, or carboxy;
nlis 0, 1, 2, 3, or 4; each R2b and R2' is independently selected from H, and CI-C6 alkyl; or R2b and
R2' may join together to form a C3-C7 cycloalkyt; R3a is H, halo, cyano, or nitro; or R3 is C1-05 alkyl
optioniRA&BS it AWRACFRA Sy RiRe MitPoll Hy SRS O e iR Oy 27 foh Feipdidd sty
substititiethivitie£ | Hefy atkidz@ached2:3bdis, independently haloisoyane, bemitrazas, Wiisothiazole,
201010211 9RCT/ERAAVVIABHE3R AL L2 30 mindenardanily Cilyee alkyl optionallysubsfiyted with

cyano, or halo; or'each RTh is amido, optionally substituted with CI-C& alkyl; edch R4a, and R4b is
indepefftigrify PYrHaleneyalg e ArBENgPSF It CoPaReRifeal ot 1B Iokanaiay raPe 1-Le6igkin, and
Cl-Caalkpiy; @am@kwakahamagr@pﬂ onallyhe substitated byhdpe dhixpolie halouotieiaComtikoxy; or
Rt an%ﬁﬁﬁi&[%ﬂ@%&?&ﬁ?@ %ﬁ?ﬁﬁa , t%alma%r 8&%@?%@%@1(?%%&9@&?9& 9eﬁﬁ£{gﬁeg9&odmn,

heterocycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl; R4 is halo, cyano, or nitro;
and MmN G A6 e (FEBHS RIBoBIMENY i rdEPeEr i8% SURIFINRd SrtRE ViR Becording
to Formp}ahbaidimtanx t&ﬁd{ﬂﬂ@%ﬂ;ﬂﬁ_\ aneteabagiment] \gtimpsespemsmcﬁrmmﬁamﬁiqu,ipyednéi,on
according J@;ENMYIRLIB 9610, RENAS HhdA09 IR THEHRSS, RMRoADERE, with tespect to a compound

of the invention according to Formula’la or 16, R2b'is Me or Et. [00100 _In_an(_)t(iier embodiment, with
respedP8§H coimpauirtobrepresisivG ofy Bt anaiiirte upiaiaEne pbstEiqs ieciude el Kgiopooa01] In a
further embodiment, with

spectypo a compound of the ygvention according to kgrmula la or Ib, R2 is hi,
Me or Et. [001021 In onfe ermfyodiment, with repeﬁ\ a compound of ention according to
Formula la or Ib, R2b apd are j[pined toge er 1o form cyclo%ro cyclebutyl ring.
an ,

wherein each W is selected from C(R™),, NR™, O and S; and each Y is selected from carbonyl, NR¥, O and

S; and R™ is independently hydrogen, C;-Ce alkyl, Cs-Cyp cycloalkyl, 4-10 membered heterocycloalkyl, Ce-
Cip aryl, and 5-10 membered heteroaryl,

{0062] Examples of representative heteroaryls include the following:

N \ ~
SES NS RN

R XN = YR
EKN/ / HKNJ [N; NI/ =

N N
OO GO D
N/ Y/ Y Y

wherein each Y is selected from carbonyl, N, NR”, O and S; and R is independently hydrogen, C;-Cg alkyl,
Cs-Cy cycloalkyl, 4-10 membered heterocycloalkyl, Ce-Cyp aryl, and 5-10 membered heteroaryl.

[0063] As uscd herein, the term ‘heterocycloalkyl” refers to a 4-10 membered, stable heterocyclic non-
aromatic ring and/or including rings containing one or more heteroatoms independently selected from N, O
and S, fused thereto. A fused heterocycelic ring system may inciude carbocyclic rings and need only include

one heterocyclic ring. Examples of heterocyelic rings include, but are not limited to, morpholine, piperidine
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[00103] In one embodiment, with respect to a compound of the invention according to Formula la or b,
each R2b and R21 is H. [00104] In another embodiment, with respect to a compound of the invention
according te/GogTidiBaeR2" is H, S(02)0H, or P(0)(OH)2, C1-C6 alkyl (Whichi&ptebsmadlyd may
optionally be substituted with aryl), or Ci-Cs acyl (which C1-C6acyl may optionally be substituted with
amino, carboxY). [00105] In another embodiment, with respect to a compound of the invention
according to Formula Ib, R2"is H, or P(0)(QOH)2, or C1-C6 acyl (which C1-C6 acyl may optignally be
substitfitd Wil s, TR o 1BE IH shotet BRTbHIMe ity Wit s feét b COHPStng of the
inventigrrdidboniding3tesFointuid)|ay R2al iseCha@6( 2ty aptiodallyysub stitutédihiathany A0 ALD 7 am

anothgr.erediment, WiliesrectiaR somerund.af isinyarHON accarding. e fampnimala orlb, R2d
is Cl-C6€ ac%l op’tiorlleﬁly sl}bstitﬁted wﬁ?th amino, or cgl;%oxy. WO 2010/029119!3%%0{05/061733

10010821 olErEhb SBIfEN D with 08 S BfSGTRd Bt HverBoi AbEbr NG 1o 8 mula 1a
or |b R isbnd @01 094Nl aphetheremibdintémshihpgspediddiartempeuntisohthelimientiophaldcording

to Formuladasqr, 1R, 182:i% S3hnGealkemley %ankmguﬁﬂg@r §ﬁi‘éb§giﬂé:‘[%%§ea¥}{ Resaest o.&aampound

of the invention according to Formula la or Ib, R2a is -CH=CH2. 1001111 In a further
emboBITEAvitHREEEEL (5 EOBbRMRTEITRG Yo AEE N Rormitid 41 S84 betzy .
[00118¢thmoandthigy emminpdamentypwithtie sgectitg dlcormpounsngii¢he invention according to Formula la,
R2a is S(02)0H, or P(0)(OH)2. 100113] In another embodiment, with respect to a compound of the
invention according to Formula-ia; leavis & ph ceUti@dﬁy acqéﬁava salt of S(02)0H. 1001141 In
another embodiment, with resp%s;éto a%:ﬂfnpou of th%dﬁventi%nﬁeoofding to Formula la, R2a is
S(02)ONa. 100115) In another embodiment,espect to a compound of the invention according to
Formula Ib, R24 is P(0)(OH)2. [00116},-another&mbodi t, with ré‘bﬁect to a compound of the
invention according to Formulaila or Ib-R2a is amono or bis pharmaceutically acceptable salt of
P(0)(OH)2. [00117] In another embodimént, with respect to'a compouﬁd of the invention according to
Formula la or Ib, R24 is P(0)(ONa)2. [00118] In another embodiment, with respect to a compound of

=

the invention according to Formula la or Ib,-R2a islr(fiﬁ)( JUC(0)OH; and nlis O, I, 2, or 3 [001191
In another embodiment, with rmect éQgNC‘ompou' ‘ invention according to Formula la or Ib, R2a
is C(0)-CH2CH2-C(0)0H. [00120] In another embodiment, with respect to a compound of the invention
accordibges Vil ralesian R at ghamidtedtcatysattd piabie sarisre @y 2re ()oH.
100124 hi‘amathercembodim@ntewith-espeat -a-coripaund i thednventioraccridiigtaCk-0rmula la
orlb, Rais £(0)-CH2 -C(Q)ONa. [00122] In ther embadiment, with.r ! nd of
the e ST T SR R RASTRER MR fepRaE

embo @At fdspadh eREP BB RIS HACTT e IngerABY A ceordmy 8 Fofhttlada &b b, rEk
C(0)-GHARQNHIC 1ik M 201040294 LORCIHCR 200910647 381-C(0)-OR*"), amino, substituted amine,

aminocarbonyl (amido or -C(Q)-NR',), aminocarbonylamino (-NR'-C(0)-NR';), aminocarbonyloxy (-O-
C(O)-NR';, aminosulfonyl, sulfonylamino, aryl, -O-Axryl, azido, carboxyl, cyano, cycloalkyl, halogen,
hydroxy, nitro, thiol, -S-alkyl, —S-aryl, -S{O)-alkyl,-S(0)-aryl, —S(O).-alkyl, and -S{O),-aryl. Substituting
groups include carbonyl or thiocarbonyl which provide, for example, lactam and urea derivatives.
[0664] “Hydroxy’ refers to the radical -OH.
[6065] “Nitro’ refers to the radical —-NQ-.
[0066] ‘Substituted’ refers to a group in which one or more hydrogen atoms are cach independently
replaced with the same or different substituent(s). Typical substituents may be selected from the group
consisting of!
halogen, -R¥, -O7, =0, -OR”, -SRY, -§", =S, -NRR*, =NR"", -CCl;, -CF;, -CN, -OCN, -SCN, -NO,
NO,, =Na, -Na, -S(0),0, -S(0),0H, -S(0)R”7, ~0S{0)0', -OS(0):R”", -P(OY O, -P(OYNORHO),
-OP(O}ORVYOR™), -C(ORY, -C(SIRY, -C(O)ORY, -CLONRRY®, -C(0), -C(S)OR”, -
NR¥C(O)NRYR™, -NRPC(SNRTR, -NRUC(NR®)NRTR* and -C(NR¥)NR'R™,
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[00124] In one embodiment, with respect to a compound of the invention according to Formula la or Ib,
RIis H. [00125] In another embodiment, with respect to a compound of the invention according to
Formula la @By 3418, $1-C6 alkyl substituted with halo, cyano or hydroxy1a@tgekin-another further
embodiment, with respect to a compound of the invention according to Formula la or Ib. Rl is CI-C6
alkyl substituted with cyano. [00127] In one embodiment, with respect to a compound of the invention
according to Formula la or Ib, R1 is £3-C6 alkynyl. 1001281 In a further embodiment, with respect to a
compound of the in‘%ﬁﬁ@r?%éc%rdﬁﬂg fo EBtRuIA 14 8B RIS -CH2-CF=-CH. 100129] In one

embodiment, with respectitaiagampeundiafthesiaveationagatsding,t0-Fouhalay1a ot tbnkhisr&il-C6
alkyl. [00130] In one emb%gggpo%g%\%q%girg_s@%%% ﬁeﬁ%@%&%ﬁﬂ Qétérb%; Xﬁ%igp according to Formula la

or Th, Rtis Me, Et, i-Pr, or n-Pr. 11 In a further embodiment, with réspect to a compound of the
invention according to Forrm$iaakdrubstivied witk hpdo 32 e ghe embodiment, with respect to a

compound of the inventiorraccorging to; roamulatas ordlrdegiis ¢.halgtyang, ar nitre. k32l In

another embodiment, with respect tq a,compound of the invention accarding to Formula la or |b, R3 is
C1-C6 alkyl. 100134] In a}l’n%t ecﬁ‘é&%lﬁéi?‘ﬁe"rﬁg%f‘%r;:‘%%%‘sp%’é%‘ %‘% e S%r%dq%l?hg’i%‘\%#ﬁ%‘% géé%rding

to Formula la or Ib, lea is @§e©6 alksibstibstitutedCwithelalésyley anabeitesechyerdxy sk SRl apkoxy.

[001351 In another embodimentiwithdespegiiea conpadrgd of the invention according to Formula la

or Ib, R3a is amido. [0 136%bln nother embodiment, with respect to a compound of the invention
accor ilnagpf%t bfmula %amé?l > gglfgt%% idorsd es“t%lsttg t‘%Nit‘ﬁlr%gﬁ 60%111%%? fg%%%ufquhpgﬁgtg?%{ gdtlment,
with réspéctutivenm pouvdcebthdtinvistbiitaietiondity to Formula la or Ib, RTh is halo, cyano, or nitro.

1001344 On@éﬂalaaﬁim%tuwmﬁd@@&t@@&pmgagegpo&éraea&mmmo@&m@l{mg tor Fqarardayla or
Ib, ml1s O. [001391 In another embo

iment, with respect to a compound of the invention acgording to
FormuE FEOPIB P 1 B0 ARG ST/ESo TGP PRI EIE3 [OBLATE It
embodimentinwithicegdet hpdaogampountiof treninydriid v fvordingita-ofnpatticidao pibliRibalé EL-C6
alkyl Sé}pagigy@q_with halo, cyano. [00141] In another embodiment, with respect to a compound of the
invention accordingvto Formula la or Ib, Rib is amid, 1001421 In another embodiment, wijth respect to a

compdBbr dheri eIt B LS SRy T8RP PHORTR T SO i€ SFARES LGBEHEREF MR Y-8 1k,

Ib, theﬁi@*&&?)ﬁﬂ,d—@(fd%{i’rfy?mﬁrws, -"’t‘é‘%@ﬁg*?mg)?g,':\%&‘éﬂé é!:l:ch R'is indepcndenﬂy selected from H, C;-
Cg alkyl, ~(CH,){(Cs-C g aryl), -(CH2)((5-10 membered heteroaryl), -(CH)(Cs-C5 cycloalkyl), and -(CHoh(4-
10 membered heterocycloalkyl), wherein t is an integer from 0 to 4; and

s any alkyl groups present, may themselves be substituted by halo or hydroxy; and
e any aryl, heteroaryl, cycloalkyl or heterocycloalkyl groups present, may themselves be
substituted by unsubstituted C,-C, alkyl, halo, unsubstituted C,-C, alkoxy, unsubstituted C;-
C: haloalkyl, unsubstituted C;-C4 hydroxyalkyl, or unsubstituted C,-C; haloalkoxy or
hydroxy. Fach R independently represents H or C-Cg alkyl.
[0069]  “Sulfo’ or ‘suifonic acid’ refers fo a radical such as ~SO;H.
[0070] One having ordinary skill in the art of organic synthesis will recognize that the maximum number of
heteroatoms in a stable, chemically feasible heterocyclic ring, whether it is aromatic or non aromatic, is
determined by the size of the ring, the degree of unsaturation and the valence of the heteroatoms. In general, a
heterocyclic ring may have one to four heteroatoms so long as the heteroaromatic ring is chemically feasible
and stable. ,
[0071] Pharmaceuticaily acceptable’ means approved or approvable by a regulatory agency of the Federal
or a state government or the corresponding agency in countries other than the United States, or that is listed in
the U.S. Pharmacopoeia or other generally recognized pharmacopoeia for use in animals, and more

particularly, in humans.
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wherein Ria, R3b, R4a R4b, R4c, and ml are as described in any one of the preceding paragraphs.
[00144] In one embodiment, with respect to a compound of the invention according to Formula Il, R4"

is cyano, hajaPsii9e 4901451 In one embodiment, with respect to a compgund ofihe Jpvention
according to Formula Il, RC is cyano. 1001461 In another embodiment, with respect to a compound of

the invention according to Formula Il, leb is I-1, halo, cyano, C1-C6 alkyl, or C1-C6 haloalkyl. [00147] hi
another, embodiment with respect to a compound of the invention according to Formula Il, leb is CI, F,

CN or €#71 [oCHeeRcHt R etePRIBBIINYENt Tl respeditorh eorapoLing offtiiecinvesstion é@éoﬁﬁdlng to
FormLﬂﬁaihnF&Hi]ﬂﬂﬁl@E&e[ﬁﬂﬂlé@!]ldmhﬁﬂﬁ)@mbé@dlm@&héﬂlﬁhaﬁﬁﬁﬁ%kﬂﬁa@@mpeﬂﬂﬁ phthecnventian

aCCOI‘(c:’il r#i P culgrns]ll}Jcl Slr.liltsl giz’]él 1llgn'—:tldxl;]ca1|geri1ycl¥ea Qﬁ eg%%‘ic%?or ach a.c% adgg hal ﬁgs%l&sdg}tm a urther
embodiment, with respect to a compourd Invention accor |ngt ormu

[OOlePﬁ‘ilﬁ??é‘ﬁh SPy peYe st dinnsid additoregiedoteed doih pougriopeids vleptibiacbiord ﬁgdo

FormulgdtetiRdddadd, sWExi2Q4Y 020 h@ﬁ%ﬁ@%ﬁ@ O 1A SH0ALHE] forpre Bmbedimeniaywtiay espect
the invention according. the compoun vention is, glcl ordlng to

tO a Comgc C aczﬁ T 1 oxa é C mu'%ne 1 1GQ3IC & 1d FI f’the J(l? ’I'IIV’l(I daCl
Formual ﬁlija or IP %)I-?Bﬁ erelnnlslga 3%” Puﬁ)p are as Gesériba yone of T
preceamfé Al apHsS YOS 3T Bri éﬁfbcwméﬁ@lwumersfp@aﬂ,t@iﬁaeem@ﬁﬂc@tﬁ@m@ﬁﬁmof

Formuiae-HaroxisshsoRdBds:be balp cyane: feidChaldk 86iE IntRnaloaly .00 1adl dup.prefetred

emboql e tW|t ect toa oung of the.invention of Formulae Ma rlllﬂ R44 is Cl, F CN or
CF3. [O’Of&% n%‘??%%écparcggérre rT&epm 0 }?nngqn?f Cragisgp%ep %Snaesgor(ﬁn%ﬁﬁ of(f grf}r?\flsgzh?gﬁugo? Formula

llia, R&‘i}drsz@ﬁé&*ﬁ@@l@@fofﬁcéﬁ&rﬁwm%%f@f@ﬁ@d émmbdrﬁﬁé’mlwm#ésﬁ@éwtbw@@ﬁ%éhn@ éf the

inventios- ot ibsmyuilaatip, Ricthépkol0OIET] bpane propoginent, Mﬁetﬁgﬂa@&t iei@ &am@mmﬂa@éﬁbe

'rr‘,}gﬂ“on aFcord”E%VO Comua [ e COMPRLNd of the nvention IS aseerding £2 Rfmulae Iva,or IVb:
muconic acid, and the like; or (2) salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates
with an organic base such as ethanolamine, diethanolamine, tricthanolamine, N-methylglucamine and the like.
Salts further include, by way of example only, sodium, potassiom, calcium, magnesium, ammonium,
tetraalkylammonium, and the like; and when the compound contains a basic functionality, salts of non toxic
organic or inorganic acids, such as hydrochloride, hydrobromide, tartrate, mesylate, acetate, maleate, oxalate
and the like. The term “pharmaceutically acceptable cation” refers to an acceptable cationic counter-ion of an
acidic functional group. Such cations are exemplified by sodium, potassium, calcium, magnesium,
ammonium, tetraalkylammonium cations, and the like.
[0673] ‘Pharmaceutically acceptable esters® are those which are sufficiently non-toxic to be regulatorily
approvablie. Preferred esters are phosphoric esters and derivatives thereof, and carboxylic esters. In general,
pharmaceutically acceptable esters may be formed with pharmaceutically acceptable acids, such as phosphoric
acid and ester-forming derivatives thercof, such as alky! and dialkyl esters of phosphoric acid, and organic
acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid, 4-methylbicyclo[2.2.2]-0ct-2-
ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the
like.
[6874] Pharmaceutically acceptable vehicle® refers to a diluent, adjuvant, excipient or carrier with which a

compound of the invention is adminisiered,

15



wherein R3a, Rab, and ml are as described in any one of the preceding paragraphs. [00158] In one
embodiment with respect to a compound of thc invention of Formulae I1Va or IVb, lea is H, halo, cyano,

C1-C6 alkyh@s fatge haloalkyl. [00159] In a preferred embodiment, with gespechi g cagpound of
the invention of Formulae IVa or IVb, le" is H, Mc, CI, F, CN or CF3. WO

2010/029119PCT/EP2009/061733 [001601 In another embodiment, with respect to a compound of the
invention of Formulae IVa or IVb, nilis | or 2. [00161] In another embodiment, with respect to a
compdBHEbf tREafventishsrrsrmamady el IRiiiy pras, by AP CrRGEoAIY ieTiosisloalkyl

[00162hiB adketesradpmnbedinesl Wlacﬂem@toﬁo@&erm@mﬁmth@nmmmm efdmeimalag iMa or

'Vb, RIb isMe l%dl are Ql){arma %CL 016 lé-follgl %%Otrsucgne])go ig! ei?’l!:ﬂu Itl% ia eei%t ut%ea%p&%ﬂgeo the

1NV ntf ?
invention ot Formulae IVa or n one em respec compound of

the |n@éﬁfué%ﬁ#f@?n%mdwﬂé@hﬁe@eﬁ%@Xﬁ%qnwﬁfueﬁqﬁla@@mt@m@rmr@e Kks; saphovdier Vd:
Ric R3aiva\h, R&&‘&i@r pM@Mﬁtwaeg@,in Ria is as described in any one of the preceding paragraphs;

R3' is ?%Io,%y |tro rRl CI-C6 a r%Tcéptlonall ﬁluted with c:é/u rio or hako or.Ric is
ith

amidoo nallys cst{fufrs % ith &2 (%C Tﬁ%{/) éelﬁssbonleatem odla’rﬁ;%lr‘lr R ?e éc‘i ?omié%lr%pound

of the ipAFEAtOR Tof @Uﬁiﬂ@ll@pmhécwm@tshﬂuydfqm mémoﬁqsvamt@mgmmmmww [0b486] In
one ea&a@&a@aﬁd\ﬁi&mk@snﬁ%&q@ogm BPHRG:OE the RveBiRRof FRrmulahydhgicormpesnd.af the

Inventlo ategl %?%yqil a%&o E 1ta e Solvates inchide pharmaceutically acceptable solvates, such as hydrates, and
further include both stoichiometric solvates and non-stoichiometric solvates. In certain instances the solvate
will be capable of isolation, for example when one or more solvent molecules are incorporated in the crystal
lattice of the crystalline solid  ‘Solvate’ encompasses both solution-phase and isolable solvates.
Representative solvates include hydrates, cthanolates and methanolates.

[0077] “Subject’ includes humans. The terms ‘human’, “patient’ and ‘subject’ are used interchangeably
herein,

[0078] ‘Therapeutically effective amount” means the amount of a compound of the invention that, when
administered to a subject for treating a disease, is sufficient to effect such treatment for the discase. The
“therapeutically effective amount” can vary depending on the compound of the invention, the disease and its
severity, and the age, weight, etc., of the subject to be treated. '

[0079] ‘Preventing’ or ‘prevention’ refers to a reduction in risk of acquiring or developing a disease or
disorder (1.e., causing at least one of the clinical symptoms of the disease not to develop in a subject thet may
be exposed to a disease-causing agent, or predisposed fo the disease in advance of disease onset.

[0080] The term ‘prophylaxis’ is related to ‘prevention’, and refers to a measure or procedure the purpose
of which is o prevent, rather than to treat or cure a disease. Non-limiting examples of prophylactic measures
may include the administration of vaccines; the administration of low molecular weight heparin to hospital -
patients at risk for thrombosis due, for example, to immobilization; and the administration of an anti-malarial
agent such as chloroquine, in advance of a visit to a geographical region where malaria is endemic or the risk
of contracting malaria is high.

[0081] ‘Treating” or ‘treatment’ of any disease or disorder refers, in one embodiment, to ameliorating the
disease or disorder (i.e., arresting the discase or reducing the manifestation, extent or severity of at least one of
the clinical symptoms thereof). In another embodiment ‘treating” or “treatment’ refers to ameliorating at least
one physical parameter, which may not be discernible by the subject. Tn yet another embodiment, ‘treating” or

“freatment’ refers to modulating the discase or disorder, cither physically, (e.g., stabilization of a discernible
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WO 2010/029119PCT/EP2009/061733 [00167] In one embodiment, with respect to a compound of the
invention of Formula I, the compound of the invention is according to Formula Vc. [00168] In one
embodimengyavildy aspget to a compound of the invention of Formula |, theceompesngd agihe invention
is according to Formula Vd. [00169] In one embodiment, with respect to a compound of the invention
of Formulae Va, Vb, Vc or Vd, Rid is H, halo, or cyano; and 1236 is H. [00170] In one embodiment,
with respect to a compound of the invention of Formulae Va, Vb, Vc or Vd,R35 is H, CN, CI, or F and

Rk is FYT B0 R Iohe @b SBimmeRE UrtH re8p8 At6 S cBIFTTRY 6F fltintRAtSHIGE FBRMIE Y a, Vb,
ye or VidgRBE is1ktramdetZ3dlsikbs, thaloyBd ddopalkydssGl «Eddisatkyl, or cyano. [00172] In another

embogipent, V)QE@!&?R&E&}%% %%H‘%%hﬂ%ﬁ Pl VEREAR.ATE BLAMAE R HReNGPLY e RrRsds H:

and R.351is CN, Cl, F, Me or_ . [00173] In a further embodiment, with respect to a compound of the
inventi# ForfufEenve, b, \ihwt Varialieh 1588, 4FRFRes e Kiirt 7 a3fea pterarre e RGdiment,
the compet raddftthainweniionaddaescondingatal kammidaddtwikereniiRichiandaedfaresknplOb Hohtn

anoth gt BrS{G S IhgEimant. e SomPRHACALINGNENon 1 AceRicing.ip EAMe N Whgrein lea

and Rid are H. [00176J In one embodiment, the compound of the invention is selected from the
compdghti@bdre muentish Rsredamar dBIE TP BOTrr1IRCE fu B ERHBBH TN £ 1 S RBPREOEA G DS the
inventigreace tikns e0firenm shah(3 hutubelieineRb, ke Gadky lpC2:6atkeny| 2 6allkynykaacdR5 is

Cm alkyl %HQ—EHME%@M%%%@U%QJ& QLORE gLmore halo arauns, RO 15 b o Gd-4 allkd R s halo,
cyano, Cm alkyl, or C1.4 perfluoroalkyl; WO 2010/029119PCT/EP2009/061733 R8 Is halo, cyano,

nitro, EHACHRYITEPETASE HIShI 8RRy P TTA T a0y ISORIE opnest GpdutginsdgpIavesiedi@ach R7 is the

same @ogiierentuwhen:¢isn ond themeach Rl is thecsameopdiffecammadhat binds to a receptor
and triggers a signal transduction reaction. The ability to alter the activity of a receptor, also known as the
agonist's efficacy, refers to the ability of a compound to induce a biological response in its molecular target.
[0084] As used herein, the term ‘antagenist’ is used to describe a compound that does not provoke a
biological response itself upon binding to a receptor, but blocks or dampens agonist-mediated responses.
[0085] As used hercin the term ‘compound(s) of the invention’, and equivalent expressions, are meant to
cmbrace compounds of the Formula(e) as hercinbefore described, which expression inciudes, the
pharmaceutically acceptable salts, and the solvates of the compounds or the solvates of the pharmaceutically
acceptable salts, e.g., hydrates, where the context so permits. Similarly, reference to intermediates, whether or
not they themselves are claimed, is meant to embrace their salts, and solvates, where the context so permits.
[0086] When ranges are referred to herein, for example but without limitation, C,-Cs alkyl, the citation of a
range should be considered a representation of each member of said range.
[0087] Other derivatives of the compounds of the invention have activity in both their acid and acid
derivative forms, but in the acid sensitive form often offers advantages of solubility, tissue compatibility, or
delayed release in the mammaiian organism (see, Bundgard, H., Design of Prodrugs, pp. 7-9, 21-24, Elsevier,
Amsterdam 1985). Prodrugs include acid derivatives well know to practitioners of the art, such as, for
example, esters prepared by reaction of the parent acid with a suitable alcohol, or amides prepared by reaction
of the parent acid compound with a substituted or unsubstifuted amine, or acid anhydrides, or mixed
anhydrides. Simple aliphatic or aromatic esters, amides and anhydrides derived from acidic groups pendant
on the compounds of the invention are particularly useful prodrugs. In some cases it is desirable to prepare
double ester type prodrugs such as (acyloxy)alkyl esters or ((alkoxycarbonyl)oxy)alkylesters. Particular such
prodrugs are the C; to Cq alkyl, C;-Cy alkenyl, aryl, C;-Cy; substituted aryl, and C:-C,; arylalkyl csters of the

compounds of the invention.
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pharmaceutically acceptable esters thereof [00178] In one embodiment, it is preferred that R6 is H.
[0017911 In another aspect, it is preferred that le is methyl or ethyl. [00180] It is further preferred that
R5 is propygyh 10Rk33114n one aspect, it is preferred that p is 1. In this aspe¢lzisprgiessed that R7 is
Clor F. [00182] When pis 1, it is preferred that le is in the para position. [00183] In another aspect, it
is preferred that p is 0. [00184] It is generally preferred that any perfluoroalkyl group is a trifluoromethyl
group. [00185] In another aspect, it is preferred that q is 2. In this embodiment, it is preferred that each
R.8 sk ed' ORI CPaAB I ABIPETAHRY!, EASHERYIMPOBIBERIUIEHTY Istyraknsedeived that
one lecsuasifitientois: ity iherparapasiionasshinethien abiiedmeiadfosiionn[00184} Whemr gtis 2, in
one e ' it is preferred that each R8 is.Cl. In another embodiment.it is,preferred that each R8
e R R Tt e sl
the SEBHERRRE s o HTRESFOrA AV, TODE i A R SulEyTohesse ek HAHMECEUTEARY SedeiptiDle cster
is the phespiiatasasias, ROLEGY Adastisiiaily-preleifad.pharmacautitallyagaepiabledesiar isihe
nemi-sUEsIRE. SRR I A nRUiGHaNlY RisfRrred Rhgimpgeulicall agsemabie,esian e igyainate
ester.s%oml In a another further gspecf’t e present invention provides a compound o the Invention
of Forti& st miMeraifinidokilve Do 10/0259er T /ErPOT0Ta6 TP BYRE B maeior 6hikyPrE3-C6
alkenylaumés svoradkotnybpeach @é wikieh atay:kenins uhstiute deonsabstitplasnithy eyaned aaeraE more
halo; Rs,is H, .or ospharic ester or.deriyative thereof, or a carboxylic ester, and,preferably,

R0 (OF)3 20} T e B B Ll R R, S
from Hrapritcaats Wi, TR BES SR Rals, BoHmd et CeranE o opretivnapbetisupatitafelstertion.
substituigtaviidipoenal ityrephala:RilkiaBaldseyaorar (alited alkylnyvbick maydieunsulistitgied or
substitut ith .halo, .each d.R8h.is.independent MDalo, cyapo, CL-C4 alkyl, each of which
ey b b B D R ) S e o ey BERSESES st R o
2. [00P2PHYE particular aspect Rs is selected from H and C1-C4 alkyl.

[6089] All isotopic variants of a compound of the invention provided herein, radioactive or not, are

intended to be encompassed within the scope of compounds of the invention as herein defined,

[0090] It is also to be understood that compounds that have the same molecular formula but differ in the
nature or sequence of bonding of their atoms or the arrangement of their atoms in space are termed ‘isomers’.
Isomers that differ in the arrangement of their atoms in space are termed ‘stereoisomers’.

[6691] Stereoisomers that are not mirror images of one another are termed ‘diastereomers’ and those that
are non-superimposable mirror images of each other are termed ‘enantiomers’. When a compound has an
asymmetric center, for example, it is bonded to four different groups, a pair of enantiomers is possibie. An
enantiomer can be characterized by the absolute configuration of its asymmetric center and is described by the
R- and S-sequencing rules of Cahn and Prelog, or by the manner in which the molecule rotates the plane of
polarized light and designated as dextrorotatory or levorotatory (ie., as (+) or (-)-isomers respectively). A
chiral compound can exist as either individual enantiomer or as a mixture thereof. A mixture containing equal
proportions of the enantiomers is called a ‘racemic mixture’,

[6092] Al stercoisomers of the compounds are encompassed within the term compound of the invention as
used herein. A compound of the invention is generally available as stereoisomers at the stereocentre on the
imidazole ring. The present invention envisages the use of cither enantiomer, or racemic mixtures in any
proportions, where there is an optical centre.

[0093] ‘Tautomers’ refer to compounds that are interchangeable forms of a particular compound structure,
and that vary in the displacement of hydrogen atoms and clectrons. Thus, two structures may be in
equilibrium through the movement of 7 electrons and an atom (usually H). For example, enols and ketones

are tautomers because they are rapidly interconverted by treatment with either acid or base. Another example
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[00193] In a particular aspect R76 is selected from H, halo, and cyano. [00194] In a particular aspect
WI is C1-C4 alkyl. [001951 In a particular aspect R7a is C1-C4 alkyl, substituted by one or more halo.
[00196] In ap@ytisiasaspect Rs is CF3. [00197] In a particular aspect RTH is selected from halo,
cyano, or C1-C4 alkyl, which may be unsubstituted or substituted by one 01?%@1%2%)3{8‘?1[85198] In a
particular aspect each Rs, and Rs is independently H, halo, cyano or Ci-C4 alkyl, which may be
unsubstituted or substituted by one or more halo. [00199] In a particular aspect 1266 is H. [00200] In a
particuthfiecRds raqoepd i pertitohandapeocReis POKOKEVO0202E by apantieulahaspect
125 issmethykar ethyl. [00203] in a further particular aspect R5 is propynyl. [00204] In a particular
aspect {%%P ['Pa(%;%%? !{I’:] ?Opnqrtifggla{;asgect Rls is Cl or F. [002061 In a particular aspect R7a is H.
[0020%] In further particular aspects wHErs 4l KikiicgPbaip e upisthttaeimy halstist! dechulsgen is F.
In a fubtEeisalaetivity aspaonpestbStiteted. alkybgrblipeis, alteifiuorometuligromp inWion includes
2010/QRO%1 ARG EPROSRGL £33:4002Q8) dp a particular aspect each R8a, Rselected from F, Cl,
cyano, nitro, trifluoromethyl, and methyl. and Rae is selected from F, CI, cyano and nitro [00209] In a
particular aspect R8a is H. 1002101 In a particular aspect teb and Rs' are CI. In another embodiment,
R8b and Rs' are selected from cyano and IHESIOMEOYNBAd in a particular embodiment, le is cyano
and the R8b is trifluoromethyl. [00211] Preferred compounds of the invention are selected from: 4-
[2,5-Dl;k)<a>é -Szi-( drox ‘m?th %&f—mgthyl-&_phepylimida_zolidin; 1 -yl]-2- trifluoromethylbenz onitrile;
4[2,5-DIoxor4-(Lhy SRy SROBY Y- 399 SRV BRdranlifa SeTuAvEy 1apd-reethedi oivietiybingonittile;
4[2,5-Bioigoiug (Lly droxystily0- Janpethiglid- e pydimid axelidin- bydlids tifluaramethoihenzenitrils;

442, 5-Rigxandefluaranheryl)-4-(hydroxymethyl)-3-methylimidazolidin- | -yl]-2-
trifluoromethylbenzonitrile; -
444-(4-Chloropheny1)-2,5-dioxo-4-hydroxymethyi-3-me:
trifluoromethylbenzonitrile; 4[2,5-Dioxo-4-(4-fllﬁ)2F yhen

hylimidazolidin-1-y1)-2-
-hydroxymethyl 3-(2-propynyl)i
reniy)-2,5-dioxo-4-hydroxyme
(R¥)me

N\WN\R1
Rtic X
la
wherein
XisOors;
R'is H; or

R' is selected from C1-Cs alkyl, Cs5-C; cycloalkyl, Ci-Ce aikenyl, Cs-Cs alkynyl, and C,-Cg
acyl: each of which may optionally be substituted with cyano, one or more halo, hydroxvyl, or
unsubstituted C,-Cg alkoxy; '

R™ is selected from H, S{02)0H, P(O)(OH),, and C(O)(CH,),,C{O)OH; or
R™ is selected from C;-Cg alkyl, C;-Cs acyl, and Cs-Cgalkenyl; cach of which may optionally
be substituted with aryl, aniino, or carboxy; nl is 0, 1,2,3, 0r4;

each R™ and R* is independently sclected from H, and C,-Cgalkyl; or
R* and R* may join together to form a C5-C; cycloalkyl;

R*is H, halo, cyang, or nitro: or
R*is C-Cs alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C;-C, alkoxy; or
R* is amido optionally substituted with C,-Cs alkyl:

T . . .
each R™ independently is halo, cyano, or nitro; or
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(S)- 4[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazordin y1]-2- trifluoromethylbenzonitrile;
(R)- 4[2,5-Dioxo-4-(hydroxymethyl)-3-methy1-4-phenyolidin-1-y1]-2- trifluoromethylbenzonitrile;
4[2,5-Dioxoydeeiplodr{ fydroxymethyl)-4-phenylimidazolidin-1-y1]-2-triflugiepatbylbgnzenitrile;
444-(4-Cyanophenyl)-2,5-dioxo-4-hydroxymethy1-3-methylimidazolidin-l-y1)-2-
trifluoromethylbenzonitrile; 444-(3-Cyanopheny1)-2,5-dioxo-4-hydroxymethy1-3 cthylimidazolidin- |
-y1)-2- trifluoromethylbenzonitrile; ) ) )

442 5-Dioxo-4-hydrtetiy iy £ Saathyd rBHSEHY B HRR TR AT RN o1 13 ot
trifluoromethylbenzesitrité” is amido, optionaily substituted with C,-Cg alkyl;
1-(3,4-Dichloggpheny ] f-ydraxymeiiu3rmethvl:4-piisvimidazolidine-2,5-dione;
4-[2,5-Dioxo-4-(hydro xymethyl)-3-(1-méthylethyl)-4-phenylimidazo lidin- 1-y1]-2- triflu
oromethylbenzonitrf&$"\RO %i%Z@l%@?@@@OGé‘ﬁ?ﬂd Ci-Ce alkoxy each of which may
4-[3-Cyanomethy1-@;Gedityb-dsihynadnetayd) Msphietylinit azoliiny] -y 1]-2-
trifluoromethyloRnzgpitile: iz [ melp Rt ARy 30y e 4-RURIWES ofbioRIGRYXN B dagRlidi 1

-yl]-2- trifluoromethylbenzonitrile;

442 5-Dioxo EREAGTEIpHE R Y- A BRIt Mt adoli i TS poetifiBreethylbenzo itrile;

4-[2,5-Dioxo# hytstxymethydadremathy1-4-(3 -methylphenyflimidazolidin- 1 -yl)-2-
trifluorometbylbenzanitrile; 414-(2-Chlorophenyl)-2,5-dioxo-4-hydroxymetly1-3 -methylimidazolidin- 1
-yl)-2- trifluoromethylbenzonitrile; [I 44-Cyano-3-trifluoromethylpheny 1)-2,5 -dioxo-3 -methy1-4-pheny
I imid d?gﬁ@in_@_gy@mﬁ%edm%%f@gﬁnﬁﬁ@gmﬁég a compound of the invention according to Formula Tb
441-(4&yano-3-trifluoromethylpheny1)-2,5-4ioxo-3-methy1-4-pheny midazol d
n-4-yllmethoxy4-oxobutanoic acid; and (2S)- 1 4&25(4-Cyan0-3 -trifluoromethylphenyl)-2,5-dioxo-3
-methy1-4-phenylimidazolidin-4- yli methoxy-3-methy-DRRobutan-2-aminium chloride.
4-[1-(4-Cyano-3-tifluoromethylpheny1)-2,5-dioxo-3-m -4-pr}§QyIimidazoIidin-4-y|imethoxy4-oxobut
anoic acid; R O
(S)-(1-(4-cyano-3-(riifluoromethyl)gheny1)-3-m o-4dptienaylimidazolidin-4-y1)methyl
dihydrogen phosphate; N_ N—pi ‘
)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-
yOmethoxy)-4-oxobutanoic acid. 100 2323 m one émbodiment the compound of the invention according
to any one of the embodiments H&rein is not an isotopic variant. 1002131In one embodiment, with
respect to Formula 1, the compound is selected from the compounds listed in Table I. [002141In one
aspect a CO%&%‘J@E‘Q of the invention according to any one of the embodiments herein

XisOorS;

R'is H; or
R' is selected from C,-Cs alkyl, C3-Cy cyeloalkyl, Cs-Cy alkenyl, Cs-Cy alkynyl, and C,-Cs
acyl; each of which may optionally be substituted with cyano, one or more halo, hydroxyl, or
C1-Cs alkoxy;

R™ is selected from H, P(O)(OH),, and C{O}CH,)., C(O)OH; or
R™ is selected from C,-Cs acyl, and Cs-Cs alkenyl; cach of which may optionally be
substituted with amino, or carboxy; nl is 0, 1, 2, 3, or 4;

each R™ and R* is independently selected from H, and C;-Cgalkyl; or
R™ and R may join together to form a Cs-C, cycloalkyl;

R*is H, halo, cyano, or nitro; or
R™ is C-Cs alkyl optionally substituted with halo, cyano, nitro, hydroxyl, or C-Cy alkoxy; or
R™ is amido optionally substituted with C;-Cg alkyl;

each R™ is independently halo, ¢yano, or nitro; or
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described is present as the free base. 100215]In one aspect a compound of the invention according to
any one of the embodiments herein described is a pharmaceutically acceptable salt. [002161In one
aspect a coggaynsedthe invention according to any one of the embodimgnisbesgindescribed is a
solvate. [002171In one aspect a compound of the invention according to any one of the embodiments
herein described is a solvate of a pharmaceutically acceptable salt. WO
2010/029119PCT/EP2009/061733 1002181 While specified groups for each embodiment have
generally been listeAoves SpaFateN Y4 confibtnarisrtHs § TehYHEIEIHES SheIf Fhich several or
each embodiment imthek hoveiformpteats weltiaseothsr formukaeipresented herein, is selected from
one or more &ch?%ﬁi,%@(m%%@%@nﬁ&ﬁ%ﬂ%ﬂ?&%@ﬁ%&ﬁB‘?ﬁg}/oelé@ for each variable. Therefore,

this invention is intended to include all combinations of such embodiments within its scope. 1002191
The present inventiEifhiovided tRe dsaHrREdiffotntisot i irbhtidr A& eetifathaplovaiit thay
prophylaxis or treatnpémﬁ@@dﬁduemimnﬁmﬁﬁhwmﬁﬁﬁH@Aﬁr QQMH_@S};TIONS .[00220_1 When
employed aspharmageuticale s eaTReHd 6 ik 1Veniion. siypicall ddmiigiesed 1R s o of 2

pharmaceutical composition. Such compositions can be prepared in a manner well known in the
pharmaceutiCEFEvsRa EImpHdemamesst 8id dctidetchRipstiidtserBially, a compound of the
invention is adminisieksdnn ar pharmaceutically effective amount, The amount of the compound
actually adminjstered will fypically be determined by a physician, in the light of the relevant
circumstances, including the condition to be treated, the chosen route of administration, the actual
compd PR hdrhisraerehedimenagetweintt, taAGrERpBISE bR thecrn rderriratie fierthidade s ity oisthe
patientis symptoms. [002211 The pharmaceutical compositions of this invention can be administered

by a vayjety of routes including oral, rectal, transdermal, subcutaneous, intra-arficular, jntrayenqus,
R e et R i o T i R e
inventidAlare preferably formulated as either injectable or oral compositions or as salves, as lotions or
as patghpepll for Hﬁﬁ&éﬂ&%@iﬁ%ﬁﬂimrﬁ%t {QQQ&%JEQ%F%&Q%%H§&%¥£ﬁ§'t@ﬁmﬂﬁﬂ§iﬁ%‘? hpcan
take the,form of bulk liquid solutions or suspensions, or bulk powders. More commonly, however, the
compdsitidAE §F& hresented in unit dosage forms to facilitate accurate dosing. The term "unit dosage
forms'{98186y tonphysisaliybdisoratewittitsguitable aspnitary! dosagesifarabtondan subjeetsadnddther
mammgads, @g@?aﬂgji containing a predetermined quantity of active material calculated to produce the
desired therapeutic effect, in association with a suitable pharmaceutical excipient, vehicle or carrier.
TypicalBkosagatbrmsahodiagat prahiretrerir sasnruer oiihe aecaiaahee s taRarmiada or o,
compasitiors ae pills, tablets, capsules or the like in the case of solid compositions. In such
compogitions, the active compound is usually a minar, ¢ onent (from about 0.1 to about 50%, by
g e S N G B SRR D mE RSB e
or carfietRartis procetspgcatadae pricter g iriebdedives dosing form [002231 Liquid forms
suitabledosrah asmninistiation: Ma inglude a StitaleRqHa0Y § 6NN AGUSAKS Mehickewith fuffers,
suspep%glgza&% &L@Pﬁe}ﬂsing agents, colorants, flavors and the like. Solid forms may include, for
exampfé, any of the fo 'owing ingredients, or compounds of a similar nature: a binder such as
microdff8dline A0 RL0/6RO1OPOTHERA009/881188 celidosesngumtragiicathioonge &R “an
excipignksghRs SR laetosc. R AisiNaaraingiRgnL SRR A8 AIAINGARIL RIDAGE], 1CRN

starch; a lubricant such as magnesium stearate; a glidant such as colloidal silicon dioxide: a
sweet&AiHG AR ht SeARARELEHRE b Rt EHr SFE #ERSHRE 248t such as peppermint, methyl
sali(.:ylblé‘l,.ﬂﬁ‘j ohamgehHlasobintmpa0 28| rpsjﬁaabhe:mqmpmsﬁfomsim@mnimﬂydb@sedfdummﬁa injectable
sterilegaline oy girpsphate-biiied saing ot ather NIRARIS SANIaS NOWRININE At Hs before, the

active compound in such compositions Is typically a' minor'component, often being froni about 0.05 to
10% BYUERIhiv R bRecraAdRERlr BTG IE IRjeCeapR b Aidiedn tHeniteeothon s rrraadtdhnal
compasHigakare typitial pfeimredaied asia topical ointment or cream containing the active
ingredj , generally in.an.amount ranging, from about.0.01 to abaut 20% by weight, preferably from
o G D B Ao LS o o B Ao BOGLT Ry Be R B b
preferBDIj frofrs agybapomaily aButit1Eoy iy ewisig e svbsy-formulated as an ointment, the active
ingredients will typically be combined with either a paraffinic or a water-miscible ointment base.
Alternatively, the active ingredients may be formulated in a cream with, for example an oil-in-water
cream base. Such transdermal formulations are well-known in the art and generally include additional
ingredients to enhance the dermal penetration of stability of the active ingredients or the formulation.
All such known transdermal formulations and ingrédlients are included within the scope of this
invention. [00226] The compounds of the invention can also be administered by a transdermal device.
Accordingly, transdermal administration can be accomplished using a patch either of the reservoir or
porous membrane type, or of a solid matrix variety. [00227] The above-described components for
orally administrable, injectable or topically administrable compositions are merely representative.

Other materials as well as processing techniques and the like are set forth in Part 8 of Remington's
Pharmacaiitical QReciencee 17th edition 1025 Maclk Piihlichina Comnanyy Eactnn Penncevivania which



[00228] The compounds of the invention can also be administered in sustained release forms or from
sustained release drug delivery systems. A description of representative sustained release materials
can be founq‘,ia Bﬁm%gign's Pharmaceutical Sciences. [00229] The followin%(formulation examples
illustrate representative pharmaceutical compositions that may be preparedG S8 4AREE with this
invention. The present invention, however, is not limited to the following pharmaceutical compositions.
WO 2010/029119PCT/EP2009/061733 Formulation 1 - Tablets [002301 A compound of the invention
may bél&dRtkdd axibedopodiderwvitthacdrgelatombinder dnthniapproxisadeik2 eightxatio A minor
amount®fgpagnesium stearate may be added as a lubricant. The mixture is formed into 240-270 mg
tabletzéﬁg@‘? mg of active compound per tablet) in a tablet press. Formulation 2 - Capsules [00231J A
comp R AR RSP oY Ble ilihrRRe e HarppoW s thwithyenteareteailinerte Foamapproximate
1:1 weRghis 1&i6s Bkveyixture may be filled into 250 mg capsules (125 mg of active compound per

capsul lati 2k 11911 02321 A compound OJ the invention (125 mg), may be admixed with
sucros@?j(;ﬁ%ng{ %ﬁ%%(%nt a?# gl?ﬁ?’ s ?rﬁnrg paeé%dt e Orlggﬂ'ﬂadn‘f%%?dﬁ‘f@nﬁ?ﬁﬁfgrg’l%ﬁgd’}’E‘é’ésléartm’ough a

No. 1Fm&sHySdle, and then mixed with a previously made solution of microcrystalline cellulose
and sqdimigarbexymeityoatitlasadblidFecr® meaﬂﬁsaa@a%é@ﬁt%@&%%@&%&%@%)mﬁ yOgzand
color gre diluted with water and added with stirring. Sufficient water may then be added with stirring.
Sufficient water is then added to produce a total volume of 5 nth, Formulation 4- Tablets 100233] A
compdlRbidt theanerean ioraviayetevethmised: as ecdnp pod/ demaiieaiey gelatin: bindemninan R is
approxioateHl 2 weigbtmatio. A minor amount of magnesium stearate is added as a lubricant. The
mixwiﬁ}lﬁﬁé ed intlo 450-900 mg tablets (150-300 mg of active compound) in a tablet press.
Formuiationd- TAfSCHSH TEBYSRFAL CEH BRI SRR RRIBAR S Ay Bictissonag brisuspbrdadin a
bufferedstesrilecwiditie injeptailedquidongoriedium to a concentration of approximately 5 mg/mL.
Formuigg ical ; Icohol (250 ngd a white.petrolatum (250 g) may he melted
b e e SR s B A s
propyl%@%ﬂ@ﬁ' (0.15 g), sodium lauryl sulfate (10 g), and propylene glycol (120 g) dissolved in water
(about @0 §j) maydierdediars: tharesyling Busisuls SHiredMatildh GaABAS, Whula b, R™ is
2010/ %;CT/EP2009/061733 METHODS OF TREATMENT [00236] The present invention
relates to hovel imidazolidine compounds which modulate the activity of the androgen receptors.
Thesd ¥hhplodn ety koginmes iithwedtmentapdiot g éwentioriof adcuitbes Bhdisardessas wil
be disktisseehindurthieppietaibheiomny gcwgltgg%ggpggp'@tﬁg@%_ a person of skill in the art that the activity
of a Ci@a? n nof tte inv ngon“ as an antagonist (complete or partial) or agonist (complete or partial)
represents a continUouS SPStlitin ™1 AETIGIL d RSP edrha cbripsaHeR vt B e &dymadoiiststor
clearlR aiRRL@%)some compounds will exhibit both agonistic and antagonistic activity. These
comppsds with.maey (it | ial inthe treatment of a varjety of disorders.
Proviqzég.l %W% ﬁ%ﬁ%&%ﬁﬁ;ﬁ%&?ﬁ%&oﬁ way%%\?lt ‘éjﬂrﬁjéjt?\t/eeaz%‘{mﬁ%ns&g A0 {gf thé ihvention
may be itfe %& A CARE e 24 ’ég?@?risté’,‘" éntagonists or mixed agonists/antagonists. It is therefore
clear théal #9is wehatithimthetiatilitysothacnexs e ofcsiibindtbem iR thelb CAUPBHLIENER: 1,
knoyvlgd%e@@r_ﬁ@ﬁ%_\@ 8}@ mfprmatlon prowded in the e.xample's herein, t‘o identify V\{hether a
particular compound of the invention is an agonist, antagonist or mixed agonist/antagonist and thus
the aF[B%aWatg ﬁg@lge{)figlémﬁ@gﬁip@ﬁh gespect to a compound of the invention according to Formula Ta or Ib,

R*is an pharmaccutically acceptable salt of C(O)-CH,CH;-C(O)OH.

[00121] In another embodiment, with respect to a compound of the invention according to Formula Ia or 1b,
R*is C{0)-CH,CH,-C(0)ONa.

[60122] In another embodiment, with respect to a compound of the invention according to Formula Ia or Th,
R* is C(0)-CH(iPr)NH,.

[60123] In another embodiment, with respect to a compound of the invention according to Formula Ia or Ib,
R* is C(0)-CHEPONH,CL,
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[00237] A compound of the invention may show good absorption, good half-life, good solubility, good
bioavailability, low protein binding affinity, less drug-drug interaction, and good metabolic stability. In a
particular aspgcly@,eamgound of the present invention exhibits unexpectegl-sighificant improvements
in pharmacological properties, in particular improved bioavailability. Where a compound of the
invention exhibit any one or more of these improvements, this may have an effect on its use in the
conditions described herein. For example, where a compound of the invention exhibits an improved
bioavd 4Bty tnveurmbedarpiciath fereat doArpsameEndraiiddiwention ssoud ss almindstéredlat R lower
dose, thys reducing the occurrence of any possible undesired side effects. Similarly, improvements in
the ot?gﬁ p%rtie]s 1islj[elclj}ba ove %/vill. ; Iso contfer advantacgefs in the potential yses of a compound of the
inventio 0023 Te SRR oA BE AfS SRR B SALASHREHBF th A B
conditfdris thatsateybabstiedsiaiebhbr attributdiylecyhn alteration in levels of circulating androgens in
mamnpgéa 26aaralinaly. keRe.AsREREANS AT SGRLI Rye bR ArAVides a.comnound af.ths #ysption for
use mlmecH)uEe, 0239] In otgtgﬁteIi embodiment, the present invention provides a compound of the
inventATor Gs& i the BrevemiSHedndIbFYPe4tment of age-related diseases including, but not limited to
sarcofétldtonditionstoficachexit andanuseleclossiindifckeliby: sliseases dngludngnblatinet limited to,
cancef,g¢-AlRg,pr induced by thermal burns or long term immobilisation; and bone and joint
diseases, such as osteoporosis, reduction in libido and sexual dysfunction, or anemia. In a particular
aspect UHARE dhBEisTsHb o B HoBR M e inceRBIRIC R HiFsrEe bRovERE ybsrharde Snist of
the AR' #0024Q]=#a1 further embodiment, the present invention provides a method of treatment and/or
preveng -related,diseases including, but not limited to sarcopenia, conditions Qf cachexia and
sl D R o S R R R A e dhd e
diseade§; $udds osteoporosis, WO 2010/029119PCT/EP2009/061733 reduction in libido and sexual
dysfunetiose jonane aim SRtk SR dCRNARKISIDSAGRINSGHNG LaR SHRIgaLHD Pesdineief 8, r!
theraqgﬁgc@!yi_%gfeo?tli_i\”/lgramount of a compound of the invention or pharmaceutical composition of the
invention. In & patticular aspect of this embodiment, the compound of the invention is agonist or mixed
agonisflthhdnisfuofhthevtRiondhtevpHamseceuticalngempositierircemptisesdn agonishas mixed,
agonigt/antagonist of the AR. [00241] In one embodiment, the present invention provides a compound
of theadgve tion for use in the prevention and/or treatment of androgen-dependent tumors, such as
prostatLAnkdr SPSBRMETE TN parttinacaspeadste R im Areridiazce FpBuRdortHe Fvention
is an anthgehistyaidthe AR [00242] In a further embodiment, the present invention provides a method

! ireaiu et APRL REPUSBIARG AN AARRASRNARLI TR RSl 85 BIONALS SANCel.OF yRerplasia
said method comprising administering to a subject | need thereor a ?Ilnerapeu ally”effective amount of
a corr%o&?r@"&fﬁﬁ{ Invention or pharmaceutical composition of the invention. In a particular aspect of
this emqeimemaﬁmeemmtofﬁher%@%@nz\t%mdgc%%g?ai%mmi&&f&mggﬁmmgwi&aib, y
compa@sitio mprises an antagonist of the AR. n aspect the present invention provides
a com%soﬁn%ggstgh%%{”}%esnltﬁ%%gv‘\?vr%ﬁc)ﬁ%’éjﬁ%}%gnétﬁof[g\ée6%‘ r’é)ﬁ%?g h%%%@bording to any one of Formulae
1-V1I a8 &3 Hereiet e kS etiitdrniati isshelow 4 gvifomdsy ihethe preventioniar tréatmentobr b,
androgen:dependent tumors, such as prostate cancer or hyperplasia. [00244] In one aspect the
preseﬁd ggﬁgon provigx%ﬁpza_method of treatment and/or prevention of androgen-dependent tumors,
such E Sl tale RS AP AR RS SH h R 988 LBk i SatitmisraFiBEts 5osmsjai i feed
thered¥ Sitherdpeuticaliydefiectiv€ artpunt of a compound of the invention according to any one of
Form il | i i tiop_is.an androgen receptor an Rist,
e T o e e R s
compSURLPoHEE iPABon which is androgen receptor agonist or mixed agonist/antagonist according
to any @S 8if BosmulmeddMitabeoie radereindbendpGh@ anddiSchildhvakesare Pothbelow: igM.for use
in the pgevention or treatment of age-related diseases including, but not limited to sarcopenia,
conditions of cachexia and muscle loss induced by diseases including, but not limited to, cancer and
AIDS [9hPBbre antho rmbdidiansb syidustivss Bsteoporysiyféductionion Hsicdiant Sesuslh dysfubction,
or anaxfiia.c[Q0246]1In one aspect the present invention provides a method of treatment and/or
prevention of age-related diseases including, but not limited to sarcopenia, conditions of cachexia and
muscle loss induced by diseases including, but not limited to, cancer and AIDS, and bone and joint
diseases, such as osteoporosis, reduction in libido and sexual dysfunction, or anemia, said method
comprising administering to a subject in need thereof a therapeutically effective amount of a
compound of the invention according to any one @&3Formulae I-VII above, wherein said compound of
the invention is an androgen receptor agonist or mixed agonist / antagonist, wherein the EC50 and
Ksmid values are both below | gM. WO 20101029119PCT1EP20091061733 [00247] Transdermal
doses are generally selected to provide similar or lower blood levels than are achieved using injection
doses. [00248] When used to prevent a sarcopenia condition, the compounds of this invention will be

administered to a patient at risk for developing the condition, typically on the advice and under the
crinarvicinn Nnf 2 nhvecician at the dncecane levvaele Aeceribed ahnve Patiante at riclk faor devveloninAa a



[00252] In one embodiment, a compound of the invention is co-administered with another therapeutic
agent for the treatment and/or prevention of sarcopenia condition; particular agents include, but are
not limited tqgsipsigieng. corotinoids, androgens, SARMs and insulin like growth factor 1. [00253] In
one embodiment, a compound of the invention is administered with another W&B‘é"lﬁ?ﬁ%?@gimen for
the treatment and/or prevention of sarcopenia condition; particular regimens include, but are not
limited to physical exercise alone or in combination with creatinine monohydrate or with dietary
protei rlé’.ﬁ[m{mq roteceinibdameniitacompounco thedin ertionis eosagrainisie reavith-anather
therapgtitic @geniifol iha tieatmentaid/osprevention of osteoporosis; particular agents include, but
are no‘té' L{(ff }o bisilphhophonates (sodium alendronate, reisedronate, ibendronate, or zoledronic acid),
St

teripar ST AREREE R RS E pe e raRe pd RS e preaiciasar dingita simDesiappBment.
[00255}3Frim®mbodiment, a compound of the invention is co-administered with another therapeutic
agent tr veption of cachexia; particular agents include but are not Limited to
Pl O ARNOLL o BBl G ager s or
tetrahytrdtAMAsHS U REE VO 20100291 19PCT/EP20091061733 inhibitors, Beta blockers,
anabolibiadants fo: enaoplenuiinitagutiimiiatiop xandinloneaniandioons, ghislin), Q97501 one
embo@%g&n@ [esinlelel¥ly w%fisthg inyention is ¢ -?Ic_imlnlstered with another therapeutic agent for the
treatment and/or prevention of iV induced Cachexia; particular agents include but are not limited to
nucleotide analog reverse transcriptase inhibitors (NtARITIs or NtRTIs) (for example but without
limitation Tenofovirg, Adefovirg), non-nucleoside reverse-trs scri@ggase inhibitors (NNRTIs) (for
example but without limitation EfavirenzizdleVitapinee, dineg, Etravirine0), protease inhibitors
(for example but without limitatigg,Saquipavirt, Ritoqavirg iRE ) Nelfinavirg, Amprenavint,
Lopinavirg, Atazanavirt, FosampreravitTipral l}ﬁf] navire), entry inhibitors (for example but
without limitation Maraviroa, Enfuvirt ?Jeg) of integfase inhibitors (for example but without limitation
raltegravir). [00257] In one embodiraent, aicompgynd of the invention is co-administered with another
therapeutic agent for the treatri@nt and/or prevention of congestive heart failure induced cachexia;
particular agents include but arc not limited to oral loop diuretics (furoscmide, torsemide or
bumetamide), beta-blockers (bisoprolol, carvedilol, Bnd sustained-release metoprolol), ACE inhibitors
(CaptoprteBaEnobrit E RAlapil:Ramipril Quinapi iPesindopridisingnsl. Bapazgpril, or Fosinopril),
angiomﬁhlrl receptor.anta gtni%tl% %Qndtetsartan , or vasodilatators. [00558] n one embodiment, a
compound of the invention 1$ Co-admirnsterad Gt SHSHEE th EPapE et cSgebrasr HsntrbatmBntiand/or

preveFXPd’ﬂ@P‘%fé &5ye renal failure induced cachexia; particular agents include but are not limited to
ACE itibisysiGapomsilizeienpmiibnaiapdl Raminal.Quinapik beringqnd', Hsinoprily, Benazepril,
or Fosina%BriI), angiotensin li receptor antagonists (Candesartan), vitamin 03, or calcium associated to
phosp‘ﬁate'binders. [00259] By co-administration is included any means of delivering two or more
therapBlitSlademethe twebplittent asiperpofithe: sameirdatideribregiciescas-will erapRAteNRto the

skilledmpeirOByWitsidhalyy Q08 Mmone AgePEs may be administered simultaneously in a single
formﬂﬁ{‘lﬁk his is not essential. The agents may be administered in different formulations and at
[

differ G RRRERAD SORPFHE T S PROTEDURES ¢ dereiooso)ine cimpountsist the
inventidrFca@ly be(prepared from readily available starting materials using the following general methods
and p res.. It will. be reciated, that where typical qr preferred process conditions (i.e., reaction
o T Ry oo ren s
conditidrigcan also be used unless otherwise stated. Optimum reaction conditions may vary WO
2010/02929PRCIHERDOAUOR 178 MiBacins PasliularGasLanis An SAMEH sSSPl syphkeqngitions
can bﬁageg%%ir@qcbygm) e §I?I§d}|1r§hthﬁ Trt by routine optimization procedures. [00261] Additionally, as
will be apparerit {6 those ‘skilldd fn the o , conventional protecting groups may be necessary to prevent
certaiW‘F&gafidﬁﬁl Grohapsrihodinaterbing enidesiredireadtichse Thendboiceediaesditable profecting
groupsfor & particular functional group as well as suitable conditions for protection and deprotection are
well @B\i\/%'nithe a%Féerexamlgle, numerous protecting groups, and their introduction and removal,
are described 1. BYEERE"SATIRE Pt 1RAIFS! 1orbReBtiTy G RS i g atesingediernsiécond
Editidh, RUileH; New York, 1991, and references cited therein. [00262] The following methods are
presented with details as to the preparation of representative compounds that have been listed
hereinabove. A compound of the invention may be prepared from known or commercially available
starting materials and reagents by one skilled in the art of organic synthesis. [00263] All reagents are
of commercial grade and are used as received without further purification, unless otherwise stated.
Commercially available anhydrous solvents are used for reactions conducted under inert atmosphere.
Reagent grade solvents are used in all other cases, unless otherwise specified. Column
chromatography is performed on silica gel 60 (35-70 pm). Thin layer chromatography is carried out
using pre-coated silica gel F-254 plates (thickness 0.25 mm). '1T NMR spectra are recorded on a
Bruker DPX 400 NMR spectrometer (400 MHz). Chemical shifts (6) forNMR spectra are reported in

narte nar millinn (bnmM) ralativive to tetrarnethvicilana (A O OO nr the annronriate recidiial enhvvent neale




List of abbreviations used in the experimental section: DCM: Dichloromethane DiPEA: .
N,N-diisopropylethylamine MeCN Acetonitrile BOC tert-Butyloxycarbonyl DMF N,N-dimethylformamide
TFA Triftuora%:%iﬁ,@gqlb\lMR Nuc'lea‘r Magnetic Resonnance DMSO Dimpsg sulf(r)’r)?(}%ey[f))gPA
Diphenylphosphorylazide LCMS Liquid Chromatography coupled to Mass pec m
part-per-million

[06152] In one embodiment, with respect to a compound of the invention according to Formula II, the

compound of the invention is according to Formulae ITia or IIib:

OH OH
3a 3
o R 0 R¥

3b

Réb (R R (R%) s
D/N\“/N-—Me D/NW(NNMG
NC O cl o
Hia Hib

wherein R™, R™, R*, and m1 are as described in any one of the preceding paragraphs.

[00153] In one embodiment with respect to a compound of the invention of Formulae 1Ila or Itb, R™ is H

-

halo, cyano, C-Cy alkyl, or C;-Cy haloalkyl.

[00154] T a preferred embodiment with respect to a compound of the invention of Formulae [[Ja or IIb, R™
is Cl, ¥, CN or CFs.

[00155] In a more preferred embodiment with respect to a compound of the invention of Formula I11a, R? is
CFs.

[00156] In another more preferred embodiment with respect to a compound of the invention of Formula JEIER

® 15 CL

[00157] | one embodiment, with respect to a compound of the invention according to Formula II,, the

compound of the invention is according to Formulae 1Va or IVb:

o [
H/&m 1 M(
Ben Sl o6

Va
Vb

wherein R* R™, and ml are as described in any one of the preceding paragraphs.
[00158] In one embodiment with respect to a compound of the invention of Formulae 1Va or IVb, R™is H,

hato, cyano, C-Cg alkyl, or C,-Cg haloalkyl.

[00159} In a preferred embodiment, with respect to a compound of the invention of Formulae I'Va or TVb,
R*is H, Me, Cl, F, CN or CF,,
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Fr frontal ratio Rt retention time s singlet hr s broad singlet ill MU It plet d doublet Mp Melting point rt
Room temperature Rt Retention time TEA Triethylarnine GENERAL PROCEDURES: General
scheme: 10826410@smpounds of the invention may be prepared accordirrg tobwdaliening
procedures: Method A

[00160] Inancther embodiment, with respect 1o a compound of the invention of Formulae IVa or IVb, ml is
Tor2

[00161] In another cmbodiment, with respect to a compound of the invention of Formulae TVa or TVb, R™ is
halo, cyano, C-Cg alkyl, or C;-Cg haloalkyl

[00162] In a preferred embodiment, with respect to a compound of the invention of Formulae IVa or IVb,
R™is Me, CI, F, CN or CF,

[00163] In another embodiment, with respect to a compound of the invention of Formulae IVa or IVb, ml is
0.

[00164] In one embodiment, with respect to a compound of the invention of Formula I, the compound of the

invention is according to Formulas Va, Vb, Ve or Vd:

RSC
OH
o R3a R3a
NC 0
Va Vh
R3° R3c
OH
R3a
O 1
cl o
Ve vd

wherein R™ is as described in any one of the preceding paragraphs;

R* is H, halo, Cyano, or nitro; or

R* is C,-Cs alkyl optionally substituted with cyano, or halo; or

R is amido optionally substituted with C;-Cg atkyl.
[00165] In one embodiment, with respect to a compound of the invention of Formula I, the compound of the
invention is according to Formula Va.
[00166] In cne embodiment, with respect to a compound of the invention of Formula I, the compound of the

invention is according to Formula Vb.
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Scheme 1 WO 2010/029119PCT/EP2009/061733 Method B Scheme 2 Example 1:
4-12,5-Dioxo-4-hydrmoonethy1-3-methyl-4-phenylimidazolidin-1-yll-2- trifluoromethylbenzonitrile

(Method A) §tgpotsdPhenyl-2-(2-propenyloxy) ethanone 100265]This C%Q%p}go'@ﬂggared from
2-hydroxy-1-phenylethanone, according to the procedure used by G.A. Molander and TA. McKie on

1-hydroxy-2-butanone, J. Org.Chem. (1995), 60, 872-882. Protection step (optional):
[00266]1-hydroxy-2-butanone can be protected by a variety of well known groups according to routine
procedUPa8 WelP iR RrPBI tMaLNEH BFRRII R FRIAPLTEGY Biedmiphtion of Formula I, the compound of the
2-(tertiButylediinettoydsiany lsnsh-phenyl-ethanone is obtained quantitatively by mixing
1-hydrw—ggf%ag}one%bt(%%\gg% gpd im}j?azole in DMF (see ref 10). This intermediate is then used as
described in the following Steps. Ldpncy! ‘éoﬁ}ﬁ?élf(%lf’(g NSRS BtEY Sitine 2 sogippmd of the

[0026 709 ¢ dFashgrigiEriairBpenyloxy)ethanone, 0.575 g of potassium cyanide and 1.6 g of

ammo[iuNsjalnenaemBsaIREAIRGHe BR.G (01 SRONISIBr23 M0fa SPMRM.ethangliwater miture. The
reactign %8023100/&291%%QT£FP2009/061733 mixture is diluted with water and extracted with ethyl
acetate.Hl’he drgar‘ﬁc SAitition & Washed with a saturated agueous sodium chloride solution, then dried

over sBHiliflisiifate amicbdvaporaitbacto yielt thendesired produatimhitishryelewsalidy d &G dFr= 0.42
(heptage/athyl@acstate,p@HQ)6 1T-1 NMR (CD30D): 3.68 (d, 1H); 4.13 (n, 3H); 4.22 (d, | H); 4.92 (s,
2H); 5%(@1 , 1H); 5.34 (dd, 1H); 5.95 (ddt, IH); 7.45 (in, 3H); 7.64 (d, 2H) LCMS: (Rt = 5.79 min):
288+ é } éfl\?ﬂf %’t}é(ﬁ!%]-ent, with respect to a compound of the invention of Formulae Va, Vb, Ve or Vd, R*

412, 5DtxodRplieHy baib, X1 2patipenyloxyReatiylimigdagolidin-l-y1J-2-trifluoromethylbenzonitrile
00263972 S Hiriar Qi QR A 2 P I gzl 2P diong N0 e o
Vd, R*is H; and R* is CN, CI, F, Me or CFs.
[06173] Ina further embodiment, with respect to a compound of the invention of Formulae Va, Vb, V¢ or

Vd, each R* and R* is H.

[06174] In a preferred embodiment, the compound of the invention is according 1o Formula Vb wherein R™
and R* are H. -

[00175] In another preferred embodiment, the conpound of the invention is according to Formula Vd,

wherein R* and R™ are H.

[00176] In one embodiment, the compound of the invention is selected from the compounds of the invention
listed in Table 1.

[06177] Tna further embodiment, the compounds of the invention are those of Formula (Vi)

wherein:
R’ is H, C6 alkyl, Cs.galkenyl, Cyp.galkynyl, or
R’ is C,.. alkyl substituted with a cyano group or one or more halo groups;
R%is H or Ci.q alkyl;

R is halo, cyano, C; 4 alkyl, or Cy4 perfluoroalkyl;
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dimethylacetamide is added 0.28 g of copper (I) oxide and 0.81 g of
4-bromo-2-trifluoromethylbenzonitrile. The mixture is heated at 160C for 3 hours. At rt, the mixture is
diluted with @ §86maasgeus solution of ammonia and extracted with ethyl gegtpie; 4 g, 9fpanic layer is
dried over sodium sulfate, filtered and evaporated. The crude product is purified by chromatography
over silica gel while eluting with 70/30 hemane/ethyl acetate to provide the desired product. TLC: Fr =
0.30 (heptane/ethyl acetate 70/30) 611-1 NMR (CDCI3): 186 (d, IM); 4.14 (sl, 2H); 4.27 (d, TM); 5.28
(d, TM); 5.32 (@& TH'& 8530t PHy:- 728 4 Gupe7HoGHYEI-1): 7.98 (m, 2H): 8.14 (m, IH) LCMS: (Rt
= 6.91 min): 41 M1iH») Step 4:4-1-2,S-Dioxo-3-methyl-4-phertyl-4-1(2-propenyloxy)methylj
dazolidin-1 triflyqremethylbelizonitrite [00269]To a solution of 0.86 g of

442 5-dioxo-4- 'heny_1-4-ﬁ](‘?2-propepyloxy)methyl!imidazolidin-l- y1]-24rifluoromethyl-benzonitrile and
0.26 mL of iodgfh%‘[ﬁésn%t MR JF BT FblEras0 mg of potassium carbonate. The mixture is
stirred at rt for 5lvours, uahoratedtd tiythe sspdilutéiiewith avater and extracted with ethyl acetate. The

organic layer is,grigd QvglMagpesi sifaig. filfered and evaporated. The crude product is purified

by chromat%ﬁraphy over silica gel while elutin With 70/30 heptane/ethyl acetate mixture to provide the

desiret? BrodcE Femhadimgng 7 in el Raldtate 70/30) 6 M NMR (CDCI3): 3.07 (s, 3H); 3.98
(d, 1H)EIL 19 (h Sintit); dbpdds, (8 iskiehra8He RT)in5uR2 dEediV); 5.87 (ddt, TM); 7.39 (m, 2H); 7.49 (n,

3H); 7 +113);.8.00 (d, TM): 8.134in, 1H) LCMS : (Rt = 7.11 min): 471+ (MM, MeCN) WO
2010108 S R R oot
5:4-[2 91 ihlo-u-pyakmeptrie thykiBaniiiay b 4s phénflimigectotcls pydft=@drihudras@tnyg- benzonitrile

(00275 egs0!4iRRGIQ. 32094AZ Rdigror Mty ]A-nhnuh-4-1(2- | |
propen Iofﬁzmethyl |m|dazoI|d|n-I-%-2-tnﬂuor_omethyl enzonitrile in 40 mL of dichloromethane is
addecigarlr‘ﬁ_ f Rt BsPaFeldimisiRyrfifi@ Bdplex in 10 mL of dichloromethane. The mixture is
stirred @ ¥849r B heuis-andpatrediaias patiiatetaguagus sedivobisarbenae solution and

extra ith ethyl acetate. The organi er,is, dried. over magnesium sulfate, filtered and
el e By e B 01 VB i S Sy i 70730
heptaftettflirandiatd mibawrafoopeovitiethel dedivdd product. Mp = 160 C. TLC: Fr = 0.33

(heptaoeetdy! apeiateoR/B0) BLELNMR: (ﬁmléﬂisﬁtg&t@'ix?l'fﬁeli_f}aJ%ggﬂigﬁghéﬂ@o(gerlg& 28 (ni, 2H);
7.50 (m, 3H):.7.93 (d, 1H); 8.02 (d, 1H); 8.17(m, 1H) LCMS: (Rt = 6.53 min): 358- (M-CH20H-)

Exam’ﬁ%‘% %15?442,5-Dioxo4-(1-hydroxypropyl)-3-methy1-4-phenylimidazolidin-1111-2-
trifluod@idHy|-Weezomitile: (utethmbddB)Stapid phittingd RamethyitAiniaD-Rr pheiny|aceiate 0GP 1]6.63 mL
of thiogyhHUPHidE.AIESIQWYCAd8H: & SOMHARA bR 2T EHYIATIDC sretorred that a first R

is p-cyano and the second R® is m-trifluoromethyl, :

[00188] A particularly preferred pharmaceutically acceptable ester is the phosphate ester.

[00189] A particularly preferred pharmaceutically acceptable ester is the hemi-succinate ester.

[00190] A particularly preferred pharmaceutically acceptable ester is the valinate ester.

[00191] Ina another further aspect the present invention provides a compound of the invention of Formula

(VII):

wherein

Xis O
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phenylacetic acid in 100 mL of methanol. The mixture is heterogenous and becomes limpid after two
hours stirring. The mixture is stirred for 48 h at it then the solvent is evaporated to dryness. The crude
product is dijied withy a8 aqueous sodium bicarbonate solution and extragieg st eiiaytacetate. The
organic phases are washed with water then brine, and dried over magnesium sulfate, filtered and
evaporated to provide the desired product, which is used as such for the next step. TLC : Fr - 0.56
(dichloromethang/methanol 90/10) 81H NMR {: DC13): 1.96-1.99 (br s, 1H); 2.43 (s, 3H); 3.73 (s, 3H);
4.30 (s, 1H): 7.1\?311_57}_1451(& agi_\ﬁx §fé(fjf %}(enyl, or Cs-Cgalkynyl, each of which may be unsubstituted or
4-12,5-Dioxo-3smeihydt dighenyltinidazoticinkklpl 1-2-triftttoromethyl-benzonitrile [00272]To a solution
of 1.26 g of triphesgeng in,A% b ekashydiausdolurne.is added Slomly.a Salutionofi,18 g of

4-amino-2-trifluoromethylbenzonitrile in 16 nal, of anhydrous dioxan. The mixture is refluxed for 1.5
hour. After cooﬁﬁ@@ﬁ?%h@?ﬂ%(ﬁﬂ%%‘%@%é’?&% GFELDHB this crude product diluted with 50 mL
of anhydrous TRfiFisladded 1.13 g of methyl 2-methylamino-2-phenylacetate in 10 mL of THF. The
mixture is stirrqgkaf [t for.30.min. 1.a8:mE0HTEA ¢8.added, the mixture is refluxed for 1.5 hour and

stirred at rt for 16 h then evaporated to dryness. The crude product is diluted with an aqueous solution
of WO 2010/05911 8Pt /ers80orie £33 BB RAFSTREIR ST ekbrittisd WithoatRyaestate. The
organic phases@re washed wiith water then brine, and dried over magnesium sulfate, filtered and

evaporated. Thecryde, prodyclis-ceysialisediin el acsi@liiered.andAnsedwii. clbylether to
provide the desired product. TLC: Fr = 0.67 (dlchloromethan/ethtyl ether 90/10) 61H NMR (CDC's):

3.06 (s, 3H); 5.8 E’s%ﬁ)?@?%@@ﬂwwﬁlwéw‘é%%% e pfreisanay g B iedetsr 8.18 (d, IH)
LCMS : (rt = 2.9dminscelpolananethed)aiot ionizable Step 3: 442,5-Dioxo-4-(1-hydroxy
propyI)-3-methy@é—pﬂ&r}ygﬁgig{aﬁg@gﬁd-yll-z-trifluoromethylbenzonar le [00273]To a solution of 200
mg of 442 5-dioxo-3-methy1-4-phenylimidazolidin-1-y1]-2- trifluoromethylbenzonitrile in 4 mL of
anhydrous THE'dd81dd%*-78C is added slowly 0.64 mL of lithium bis(trimethylsilyfiamide 20% in
hexanH6Th2] solutipnthenomps dafksbromird The: Mixttieg-is,sticped at -78C for 10 min. Then 121 pL of
ig_n b cgm)egn%ark red. The addition of another 121 pL of

propaﬁ@(}g de are slowly addedh: the solu
propana gﬁt//dgl Fe%déc?omtéép tSta d}%é%?grg{io%né%the Mixture. The mixture is stirred at - 78C for 30
min an@0tf ke deton isduenetsed ats-Z8C: withl.an aqueous solution of ammonium chloride. The

mixturgyin yearmes kit and e adugusPhRse dsextragigdonith gihwiagstate. The organic phases are
washed with water then brine, and dried over magnesium sulfate, filtered and evaporated. The crude

produdPM Hlriflea Bk HRSS Faphy-5h silica gel while eluting with 1/1 to 0/1 heptane /
dichlofétméttiarie apbtitigathempH T 10:0b b dichiohamethas/ethyl@thieyimikiciesytbeaffarsktnve:d

digste{)(;glms[&gg?gﬁlr ,g\%{]) ei§ 'er B. [00274]Analytical data for isomer A: TLC: Fr = 0.45
(dichloromethane/ét 9/1) 61F1 NMRSSCDCB): 1.19 (t, 3H); 1.48-1.63 (m, 1H); 1.65-1.78 (m,

1H); 3108188131 2 paptcular 7spsrt sk B 4md B igrindgiqydentgHghaie) pyamoon @ -CHyksl 19hieh 1y LCMS:
(Rt =3pd Gumimtitded ol MocihlBEa2 G QHYok0RR7 5]Analytical data for isomer B: TLC: Fr = 0.36
(diehl e/ethyl ether 9/1) 61H NMR (CDCI3): 1.18 (t, 3H); 1.42-1.55 (m, 1H); 1.72-1.84 (m,
1H); 3%%@%8#};&%%‘3‘2?%%’%? }*7.39-7.55 (m, 5H); 7.95 (d, 1H); 8.02 (d, | H); 8.15 (s, 11-i) LCMS:
(Rt = 30408040Im)in358+ (ML MBS HZOHBH)- Examples 4 &
5:4-12[,@511'@?(orgfa(&éﬁﬂg@}bgmaa—%-p@%g-phenylimidazolidin-l-yII-Z- trffluoromethyl-benzonitrile

[00202] 1In a particular aspect R® is methyl or ethyl.

[00203] In a further particular aspect R’ is propynyl.

[00204] In a particular aspect p; is 0.

[00205] In a particular aspect R is Clor F.

[00206] 1In a particular aspect R™ is H.

H06207]  In further particular aspects where an alkyl group is substituted by halogen, the halogenis F. Ina

further particular aspect the substituted alky! group is a triflucromethyl group.

29



WO 2010/029119PCT/EP2009/061733
10027614-[2,5-Dioxo-4-(1-hydroxyethyl)-3-methyl-4-phenylimidazolidin-I-y1]-2-
trifluorometybens@aitiie is obtained by using the same protocol as usedfetg¥appiRS<:& 4 starting
from 4- [2,5-diox0-3 -methyl-4-phenylimidazo lidin-l-y1]-2-tri fluoromethylb enzonitri le by using
acetaldehyde instead of propionaldehyde. The crude product is purified by chromatography on silica
gel while eluting with 1/1 to 0/1 heptane/dichloromethane mixture then 99/1 to 95/5
dichlof8AEHarretmpritHar amsaisehB afford arscHddrrdonb ryaisomiar. €ifipaciseindrand mothyl

1002 7akAtaly tidadrelatadoF isoreenCanbl@idr = 0.32 (dichloromethane/ethyl ether/NH4OH 90/10/0.1)
6 H-N 13): 1.42 (d, 3H):.3.26.(s, 3H); 5.03-5.61 (m, 1H); 7.47-7.60 (m, 5H); 7.93 (d, IH); 7.99
(d, 1H%§%§P(§nl af&%ﬁ%?iséﬁ?@ 33 ruin) 358- (M-CH3CHOH)- [002781Analytical data for isomer
D: TLAY 21810 o (hichsidromestiaticfetd B eth €1/ NHADIMr 9011 0fn)t SR E VAT (@D@I3)dTd# (d, 3H);
3.10 (gyaad )i B8R ARy 1Y i A2 80l Br S Zn O R s LB RRUIRIAY Bk (Snckiyh) LCMS: (RI =

3.34 mj '1%?8- éﬁ%C@SCHOH)- Example |

6:444- (P 8 Diod S EPRERI AR R Bth s it AMintidazolidin-1-yI]-2-
trifluoromethylbeizobitrie-{Niathod A BB imtd(d-Frlergphedyd)@shygiaxyethanone [00279]2 g of
2-bromo-1-(4-flugropheaybisthanang. and 6 eq of sodium formate in 15 rit of Ethanol/Water are
irradiated under microwave for 5 min at I5S0C, 11 bars. After filtration and evaporation of ethanol, water
is added. The ExiectEd Sr&aULY LsgRd by RitktisRirry RN S'DE): 4.78 (s, 2H): 5.12 (in,
1H); 7,35 (m, 2tiu8roBethy/tiRkEedi@MS: (Rl = 2.51 ruin) No ionization Step 2:
I-(4-Fluoropheqy@:g_1§go-pg_ ng,g{g@pgggem%%% ﬁlgi(gzgfﬁgﬁiﬂu%gﬁhenyl)-2-hydroxyethanone
obtained in Step_ 1, 10 mL of allyl bromide and 9:4 g of CaSO4 are mixed together under argon
atmosphere. 6. 1%“8?0}3\’6%1%‘?3%1%% by portions for 1.5 b. This mixture is stirred 3 h at rt, diluted with
ethyl ether, filtet¢tlabibthd solflentideyipbiarédxhahstyderproduciisgidifiedipy-chromatography
over silica gel \@fﬁi{gﬂ%@gﬁg}%&%@ heptane/ethyl acetate WO 2010/029119PCT/EP2009/061733 6
'EI NMR (DMSO 06): 4.05 (m, 2H); 4.82 (s, ZHJ; 5.17 (dd, 1H); 5.28 (dd, 1H?; 5.92 (ddt, IH); 7.37 (m,
2H): 8.00 (in, 2By {CIAETaRILY Bl O

trifluoromethylbenzonitrile;

oy - 3-methylimidazolidin-1-y1)-2-
4-[2,5-Dioxo-4-(4-fluorophenyl)-4-hydroxymethyl- 3-{2-propynyl)imidazolidin-1-v1}-2-
trifluoromethylbenzonitrile;
4-[4-(3-Chlorophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-yl)-2-
triflnoromethylbenzonitrile;

(S)- 4-[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin-1-y1}-2-
trifluoromethyibenzonitrile;

(R)- 4-[2,5-Dioxo-4-(hydroxymethyl)-3-methyl-4-phenylimidazolidin- 1-y1]-2-
triflaoromethylbenzonitrile;
4-[2,5-Dioxo-3-ethyl-4-Chydroxymethyl)-4-phenylimidazolidin-1-y1]-2-trifluoromethylbenzonitrile;
4-[4-(4-Cyanopheny!)-2,5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1-y1)-2-
trifluoromethylbenzonitrile;

4-{4-(3-Cyanophenyl)-2, 5~-dioxo-4-hydroxymethyl-3-methylimidazolidin- 1-y1)-2-
trifluoromethylbenzonitrile;
4-[2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-triffuoromethylphenyl jimidazolidin- 1-y§)-2-
trifluoromethylbenzonitrile;
1-(3,4-Dichlorophenyl}-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2,5-dione;
4-[2,5-Dioxo-4-(hydroxymethyl)-3-(1-methylethyl)-4-phenylimidazolidin-1-yi]-2-

trifluoromethylbenzonitrile;
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Step 3: 4-(4-Fluoropheny1)-41(2-propenyloig,)niethylPtnidazolidine-2, 5-d one [00281]1.8 g of
1-(4-fluorophenyl)-2-(2-propenyloxy)ethanone obtained in Step 2, 1.21 g of potassium cyanide and
4.69 g of amg@niyphsaHonate are heated to 55 C for 2 hours in 50 mL of g 50/50 ethanol/water
mixture. While heating the mixture at 55C 4.69 g of ammonium carbonate 1S AdEY SR atter | hour,
4 and 15 hours respectively. The reaction mixture is then diluted with water and extracted with ethyl
acetate. The organic solution is dried over sodium sulfate and evaporated to provide the desired
product..  11-F-NNeroMSD-BETiseo-(bydpiyG05!(d; )y indd¢dli@m) - 8115 (dd, 1H); 5.25 (dd,
1H, (dd, 1H); 5.88Hdmddd)ibd2tme2H); 7.58 (in, 2H); 8.65 (s, IH); 10.80 (s, IH). LCMS: (Rt = 2.43

min): No ionisatjoq. 4: ‘ . L
12 5 Dioxod L e R e A e 3
trtfluorotnethylb&H>eHREBOER2jBiB3 g of copper (1) oxide and 0.95 g of
j—?4rofll‘nO-Z-tﬁflu@:@mﬁg)ﬂb&m?&r[}Hﬁ*@'@y?@Qﬁﬂﬁﬁi@ﬁ%ﬂi&ﬁﬂoﬂgﬂgiﬁﬂuﬁ(tm}ethélbenz?nitrge; 3 mL of
-(4-fluorophenyhs4-[(2-propenylox yllimi idine-2, 5-djone obtained in step 31 3 mL o
DMAC. The ml)%{lg)zr;g iiélﬁe%%ﬁa’%‘\{"i%%@%'?ﬁ% ﬂ%f&f%?tﬁ B%R&f)fﬁ’édﬁﬁﬁ&éﬂéli?%uted with a 50%
aqueous ammdiFEBItEN Reacaittikcted with ethyl acetate. The organic layer is dried over sodium
sulfate, filtered and@vaperptedyThe audermogchisauisd Ryhamatagiaphy over silica gel while
eluting with 2/1, ﬁﬁ)&a&ggﬁ% I%c?éaiie‘. 11-1 NMR (DMSO D6): 3.62 (d, 1H); 4.07 (m, 2H); 4.15 (d,
1H): 5.15 (d, 1H); 5.22 (d,"1H)- 5.:85 {ddt, IH); 7.30 (In, 2H); 7.70 (in, 2H); 8.00 (d, 1H); 8.10 (s, 1H),
8.33(d, 1H). LOME-{rine-3- il yrueed3inhenyI2)5Stioposi-methyl-4-phenylimidazolidin-4-yljmethyl
442,5-Dioxo-4-Gflueraphemi3-methy1-4-112-propenyloxi9inethyllimidazolidin-1-341-2-

trifluoromethylbenzonitrd 2831325 inq of potassium carbonate and 0.25 mL of iodomethane are
added to a Sglufgn%r}ggaé’g[gqngmlf Oﬂleflhﬂpgelgf%sﬁs—CHOXO-3-methyl-4-phenylimidazoIidin—4-yl]methoXY-

4-[2,5-dioxo-4-(orabittsprie Agid) 284 (2-propenyloxy)nethyllimidazolidin-l-y1]-2-

ifluoromethylhesg onilecobiainesii.siee pssoied i nls SO L Mighjefs. piond at t for
4 hours under {ggrﬁ%g£m9§£§§r_}_{e)¥%orqt2qd to | Q/ness_,ddiluted with water and brine and extracted
with ethyl acetaté: The organiclayer s dried SvarEbiliR Sultate, filtered and evaporated to provide
the desired protilict*-Ae2810/orrEdpDNEDR2DOYI061 738 By L MNMRI(DMSGIRE)y Bi88h(sy3H); 4.17
(m, 2H); 4.20 (d,ckbbududR {giq1H); 5.15 (d, 1H); 5.21 (d, IH); 5.87 (ddt, 1H); 7.30 (in, 2H); 7.55 (in,
2H); 8.00 (d, 1H): 8.12 (s, IH), 8.33 (d, 1 CMS: (Rt = 3,43 min): No ionization Step 6:
4-12,5-Dioxo-4%§l ﬁﬁ%&ﬁﬁg}ﬁfﬁzﬁ%&y} ?6@%1%&%@%?%’ S RSS2 SO et ny i gazolidin-4-ylmethy]
trifluoronzethy|BBHFSEf} B (OB2B4] Thecrudemixtureofd42,5-dioxo-4-(4-fluoropheny1)-3-methyl-4-[(2-
propenyloxy)meshylimidagelidindrilasifusiomelnylbananniuic.hiainarinsien. 2 iRqlubilised in 5
mL of DCM undgr eatt}%onr)%grr}{ogghere. 0.3 mL of trifluoroboranc-dimethylsultide complex is added. The

: o ort f ! . : S
mixture is stirréd at rt for 7 hours. A saturated aqueous sodium bicarbonate solution is added slowly,

the prifddes extrabtedewith Dokt Werorgdnitthayerdsidriecoverzsodiynsulfate, diltemsand

evapaiatedis lae.erusie Ry osuct is purified by chromatography over silica gel while eluting with 4/1

DCM ‘ﬁﬂgwcetate 6 1H NMR (DMSQ D6): 2.87 (s, 3;?; 4.08 (m, 1H); 4.40 (m, 1H); 5.80 (in, 1H);

7.30 (NVH): 7.52 (hOS- PR E: T, essstie oemylasl dbegomppundineleqR EanglrevinosTé-

(M-CHigaHn TeRarhple

;’Iﬁumﬁﬂo Irl:? sg%z%%g%@%pé%%@%gﬁ%g (l)n3 acnc](():'\rtfgxg ?odg%zoonlflzdc!? ﬂ|19/ elslm odiments herein
described 1s present as the free base.

[GG215) In one aspect a compound of the invention according to any one of the embodiments herein

described is a pharmaceutically acceptable salt.

[60216] In one aspect a compound of the invention according to any one of the embodiments herein

described is a solvate.

{00217} In one aspect a compound of the invention according to any one of the embodiments herein

described is a solvate of a pharmaceutically acceptable salt,
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Step 1: 1-(4-Chloropheny1)-2-hydn"grethanone WO 2010/029119PCT/EP2009/061733
1002851Using the protocol of Example 6, step 1, reacting 2 g of 2- bro(mo II -(4- cgtl)orgpgﬁnygztzigone
ields the d 6 '11 NMR (DMSO D6): 4.78 (s, 2H); 5.15 (in : :
BZ/H) LCMS: Q(ﬁl%%iﬂzayg?krlrl‘%n) No ionisation Step 2: 1-(4-Chloropheny1)- 242%%55%\%/[%9( &thanone
[00286]Using the protocol of Example 6, step 2, reacting 2.64 g of 2-bromo-1-(4-
chlorophenyflethanone yields the desired product. 6 'H NMR (DMSO D6): 4,08 (rn, 2H); 4.84 (s, 2H);
5,18 (dA0318); 5.20 (Hhila Fpciioataurs i) 7B Lot odikynT 182e(gkr2t)lShem Jisted above separately, o
NN b A o A A A G A AR LT D
tep 3 0 chloro -2-(2- propenyloxy)e
'Slle wﬁ’ge (b%%qﬁ%e‘% %eéﬁgélée‘fﬁf) ’%p“ % {8]") f 2“6?(&“%3)01%’1%1‘“(%}@ PO 8T Fquas-criater);
5,84 (deRPSEENely, 47 (Racl2MiridbIs5 (Ther2fdic. 8167 1@5/6&%)1 £0iB2n(Bd 1k fnclhEMB c(RbmBIO6 wiin)cNO
ionisatigmoStemd vAﬁ;;{-}q{kégthI;klorophenyl) -2.5-dioxo-4-[(2-propenyloxy)methyl] dazo tdin-l-y1J-2-
trifluor B zonltrlle 002881Using the protocol of Example 6, step 4, reacting 1.4g Olf;
o ert P! BRORBHUAB o B A S BB Do e Sr e bFOBICR oM
(DMS@r@eyl@mr(@mmwmmm@m 4,15 (d, IH); 5,13 (d, IH); 5,21 (d, IH); 5, 85 (ddt, 1H)i 7.53 (d,
2H); 7,68 (d, 2H); 7.98 (d, 1H); 8.10 (s, 1H); 8.31(d, 1H). LCMS: (Rt = 3.41 min) (448/450)- (M-H-)
Step414-(4-Chlorophenyl)-2,5- dlato 3- meth I 41 2- propen lox Pehyl] dazolidin-l-y11-2-
trilluoromethylbenzonitrile 100289 et M PQREIEON step 5, reacting 0.50 g of
4-[4-(4-chlorophenyl)-2,5-dioxo- b " y th tesired et el
I [ i yjpenzonitrile ie e .
N g “9%59%%31 S R0 PSR, 5 e
(ddt, 1(15‘)11"70 ﬁlz Hﬂﬁﬁfﬂ%ﬁ@y?@pgw 0 1@%@ Cfﬂgogtygfdsa}ﬁqy prcpare(i in a manner well known in the

pharmaccutical art and comprise at least one active compound. Gener ally, a compound of the invention is

administered in a pharmaceutically effective amount. The amount of the compound actually administered will
typically be determined by a physician, in the tight of the relevant circumstances, inchuding the condition to be
treated, the chosen route of administration, the actual compound administered, the age, weight, and response
of the individual patient, the severity of the patient’s symptoms.

{00221] The pharmaceutical compositions of this invention can be administered by a variety of routes
including oral, rectal, transdermal, subcutancous, intra-articular, intravenous, intramuscular, and intranasal,
Depending on the intended route of delivery, the compounds of the invention are preferably formulated as
cither injectable or oral compositions or as salves, as lotions or as patches all for transdermal administration.
[00222] The compositions for oral administration can take the form of bulk liquid solutions or suspensions,
or bulk powders. More commonly, however, the compositions are presented in unit dosage forms to facilitate
accurate dosing. The term “unit dosage forms™ refers to physically discrete units suitable as unitary dosages
for human subjects and other mammals, each unit containing 2 predetermined quantity of active material
calculated to produce the desired therapeutic effect, in association with a suitable pharmaceutical excipient,
vehicle or carrier. Typical unit dosage forms include prefilled, premeasured ampules or syringes of the liquid
compositions or pills, tablets, capsules or the like in the case of solid compositions. In such compaositions, the
active compound is usually a minor component (from about 0.1 to about 50% by weight or preferably from
about 1 to about 40% by weight) with the remainder being various vehicles or carriers and processing aids
helpful for forming the desired dosing form.

[00223] Liquid forms suitable for oral administration may include a suitable aquecus or nonagueous vehicle
with buffers, suspending and dispensing agents, colorants, flavors and the like. Solid forms may in¢lude, for

example, any of the following ingredients, or compounds of a similar nature: a binder such as microcrystalline
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LCMS: (Rt = 3.57 min): No ionization WO 2010/029119PCT/EP2009/061733
Step414-(4-Chlorophenyl)-2,5-dioxo-4-hydroxymethyl-3-methylin dazolidin-I-ylJ-2-
trifluorometkybansgnitrile [00290]Using the protocol of Example 6, step 6pfgacingehé e 9f
444-(4-chlorophenyl)-2,5-dioxo-3-
methyl-4-[(2-propenyloxy)methyl]limidazolidin-1-y1]-2-trifluoromethylbenzonitrile yields the desired
product. 'FINMR (DM80 D6): 2.87 (s, 3H); 4.07 (n, 1H); 4,40 (m, 1H); 5.82 (n), Hi); 7,51 (m, 4H); 8.03
(d, 119F)/0d0% gum iEpResea (g, 2R eINPECTPREPL SR P AT 39 2181955- (MISEXFEIERS EBeahipra o

8:4-1 1z(Aak uoid ghemydk); 2u5 edio o pdidxigane thigh 3s( 2xpropyny laidaz aligidaly ik as colloidal
tnfluorgmgﬁh%@%g%ng%aé&gg ;Jgenﬁ such as sucrose or saccharin: or a flavoring agent such as peppernyint,
4-[2,5-Dioxo-4-(4-fluoropheny )-4_112-propeny|o*methyI|-3-(2-propynyOun|3azol|d|n-1-%5ﬁ52-
trifluorSRSHHA L b EAa 8 H ¥ asolutionof0.42gof4-[2,5-d iox 0-4-(4-fl u orop heny -4-[(2-
propegéazydinieibyiblmidageidions| 3 jxdriziosamne tipptb enzamitel e dni8 dlnefdd Mospiat-Bigratd
potassium.car 0 f propargylbromide (80 % solution in toluene) gre added. The
P e e 0 0t
solutichPieAbl femE iscatraetr din aftrhsingdien et dd'a ol abrt elspoihdbrteranaiss detmled with
water apdtisinesangd extracted with ethyl acetate. The organic layer is dried over sodium sulfate filtered

and e ed. [00292]The crude product is, purified by chromatography over silica gel] while gluting
it 4/ DRt T e PR S F S B e e SR g T B .
4H); 5eetvedngienicsi(3R genctiy, 1B gea(erint Ny PO nazMY 00 60 thaut 260 BrOTIRhLINFIgabY fmH);
833(%%&1)0.'1—%5@1{&0”73%%@); erdpmization SeR 0.1 to about 10% by weight, and more preferably

R 0 A R A R PR R RE N et o ety
[00293T0caBh AL (2115 -pifbsior #@ fiuis ro phesynaditdeyiaietny foneg) niditnyd}ige(R the active ingredients

propymdiimidazalidied inyildrédiithiarasethvbenzanitilenbiaieed msstepudnisAiarplvaddnRinbyef DCM
under argon atmosphere. 0.2 inL of trifluorphorane-dimethylsulfide complex is added. The mixture is

stirred"at it O ASLFES AT ER ST Ay SELS 8 bIRa BT SORTHSh TS ISR REfGEEThe
produétislextrdcted) witreDevedpmstve drgdpiewaienis dribdusheksodivrmsddfard, filtexddiomsdand
evaporatedichibareiusedpiodush isdurifies by chvamatography over silica gel while eluting with 6/1

DCM/?@H? j{ tec' WO 1%%1(3_/'%2911_1199%T/E|2 0%9/0 n1.733 6 IFINMR (DMSO D6): 3.10 (m, 3§H);
Wi o R U SR R R S R
transdermal administration can be accomplished using a patch either of the reservoir or porous membrane
type, or of a solid matrix variety.
[00227] The above-described components for orally administrable, injectable or topically administrable
compositions are merely representative.  Other materials as well as processing techniques and the like are set
forth in Part § of Remington’s Pharmaceutical Sciences, 17th edition, 1985, Mack Publishing Company,
Easton, Pennsylvania, which is incorporated herein by reference.
[00228] The compounds of the invention can also be administered in sustained release forms or from
sustained release drug delivery systems. A description of representative sustained refease materials can be
found in Remington’s Pharmacentical Sciences.
[00229] The following formulation examples illustrate representative pharmaceutical compositions that may
be prepared in accordance with this invention. The present invention, however, is not limited to the following

pharmaceutical compositions.
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LCMS: (Rt =3.07 min)- 400- (M-CH20H-) Example
9:4-14-(3-ChIorophenyl)-2,5-dioxo-4-hydroxymethyl-3-methy|imi(;iaz?]li(?jin-l-stlhl-z- 002941Usi
trilluoromethylapgzantrile (Method A) Step I: 1-(3-Chloropheny1)-2-hydroxyethanone sing
the protocol of Exégr/n@g?éig step 1, reacting 2 g of 2-bromo-1(3-ch|orophen31; SHEHSRLY B the
desired product. 8 H-1 NMR (DMSO0 D6): 4.80 (s, 2H); 5.20 (in, 1H); 7,58 (t, 1H); 7.72 (d, 1H); 7.88 (d,
1H); 7.95 (s, 1H). LCMS: (Rt = 2.30 mi) No ionization Step 2:
1-(3-Chloropheny1)-2-(2-propenyloxi)ethanone [00295]Using the protocol of Example 6, step 2,
reacting 2.5 g of 1-(3-chlorophenyl)-2- hygsexyethsineneryiglds the desired product.  NMR (DMSO

D6): 4. 2H); 4.88 (s, 2H): 5.18 (dd, 1H): 5.30 (dd, IH); 5.92 (ddt, IN); 7.58 (t, 114); 7.72 (d, IN);
7.8)8 (ﬁﬁéﬁ@’?%‘%‘é}?iﬁ(‘ﬁ ét%% 3 -&Hﬂéﬁﬁ&ﬁ&}’iﬁqﬁé‘-ﬂ%ﬁeﬁﬁﬁﬁx‘ﬁ)' oHy it Dl
[00296iRrswit iR Potsial b oxamplénd; steprB ofeaatinginbsgoftdtchomdphrenyd kdfemt. The

thanena e pip | 3,52 (0, 103,95 (d, 1H):
Z.rggzadn’ly;%%eg {lg%gg,ﬁ 1%?%%%@%gggg{%ﬁﬁ%%%%%%§% t7§b§e§) éﬂ?#\%}?t BS%s, 1H): 8.70

(s, IN); 10.83 (s, 1H). LCMS: (Rt = 2.57 mm): No ionization S o o
tep4:414-(3-Chloropheny1)-2,5-dioxo-4-{@-ppdnyioxgipsitiazolidin-1-y1 trtfluoromethylbenzonitrile
(00297 ldsing theuprgiasel of FramAle:Gn SiEP e 1RG0 40,00/ ga@a%h%%hg%j W1 in 2,
propenyloxy)imidazolidine-2,5-digne yields the desired product. N‘M :3.72(d, IH);
4.05 (i??v?pé‘iﬁ%; ?t‘;igid’f .80 3 e e 2y e fllyddras R aaysres o1 g PRHY, 162 ORPRRIY 7.70
(s, 1HPe7eaSs k). 1H); 8.10 (s, 1H); 8.32 (d, IN); 9.12 (s, 1H). LCMS: (Rt = 3.41 min). (448/450)- (M-H-)
WO 2010/029119PCT/EP2009/061733
Formulation 3 - Liquid

[00232] A compound of the invention (125 mg), may be admixed with sucrose (1.75 g) and xanthan gum (4

mg) and the resultant mixture may be blended, passed through a No. 10 mesh U.S. sieve, and then mixed with

a previously made solution of microcrystalline cellulose and sodium carboxymethyl cellulose (11:89, 50 mg)

in water. Sodium benzoate (10 mg), flavor, and color are diluted with water and added with stirring,

Sufficient water may then be added with stirring. Sufficient water is then added to produce a total volume of

5 mL.

Formulation 4 — Tablets
[00233] A compound of the invention may be admixed as a dry powder with a dry gelatin binder in an
approximate 1:2 weight ratio. A minor amount of magnesium stearate is added as a lubricant. The mixture is

formed into 450-900 mg tablets (150-300 mg of active compound) in a tablet press.

Formulation 3 - Injection
[00234] A compound of the invention may be dissolved or suspended in a buffered sterile saline injectable

aqueous medium to a concentration of approximately 5 mg/mL.

Formulation 6 — Topical
[00235] Stearyl alcohol (250 g) and a white petrolatum (250 g) may be melted at about 75°C and then a
mixture of a compound of the invention (50 g) methylparaben (0.25 g), propylparaben (0.15 g), sodium lauryl
sulfate (10 g), and propylenc glycol (120 g) dissolved in water (about 370 g) may be added and the resulting

mixture is stirred until it congeals,
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Step 5:4-1-443-ChIorophenyl)-2,5-dioxo-3-methyl-4-[(2-propenyloxy)net12y_1]ini_idazo-yl]—2-
trifluoromethylbenzonitrite [00298]Using the protocol of Example 6, step 5, reacting 0.66 g of

444-(3-chlor dioxo-
4-[(2§propen@@>§lr%ﬂj§tﬁy%imidazolidin-I-yll-Z-triquoromethylbenzonitrile yi%?&é%%@‘%?é%ﬁr?& product. S
lii NMR (DMSO D6): 2.88 (s, 3H); 4,10 (m, 2H); 4.20 (d, IF!); 4,42 (d, IFY); 5,16 (d, IF!); 5,22 (d, IF!);
5,89 (ddt, 1H); 7,50 (in, 1H); 7.52(m, 2H); 7. 60(s 1H) 8.00 (d, 114); 8.15 (s, | H), 8.33(d, 1H). LCMS:
(rt =3.57 min, apolar method): No ionig&atibs I EREACHBNDhenyl)-Z5-d

0X0-4- m@mym%t@ﬁearaaegmmmﬁamhavaﬁllngda%ﬂuﬁae%@ﬁm Q@%ﬁ&{t{ 5&%&%‘2@3%&!&@90@&6
protocgﬂ j“c‘}f Exam g?og SIEB 6, reactln% 0.60 g of 444-(3-chl 06(%) enyl)-2,5-dioxo-

3-methy1-44(2-pr penyloxy meotﬁ’{}ﬂ i1 A751if oL 13- ?fl]?ﬁd ﬁ’ﬁé’fh‘iﬁﬂ/é’hi’éﬁ’ gy idlidsHebeesired
producf{ SOfdwmweM@@wL@s@@wsﬂim SHiDBIGw, IR B et d 45 (esbi)F kB2 e 2fr|)ha3 14

2H)ic8adbAs, kH)e (B3t 3k Ot s (3924324 )ik OH:) Pies K& mplete or
I(Im(S)lj?;lfg }fph i(@ 0XO0- 4)1 iy%lg({)%(dmege [-3-methyl- 4ﬁ;g%yl|m|’X‘cg&lr¥(§lzlf{-| ym gonist (complet

trWuofomethyibensonitifas. &I HRYS (f%uﬁlo Ak B SR Bh SHHYPL SSIRRER il be clearly agomists or
phenyﬁ}?ﬁaézmww%mm%ﬁmm@n etilyihit doitrilei0O3001T heawoieantiamenshefe compounds

442 S-dmmnﬂehlsédmxwm%hygaémwé $-phenyimidazaliding-ylk 2:trifly %é)o@?f%‘}hy'i?e”%oh"””% are

arated hromat r h of a sample. of the racemic mixture obtained In Examp elon
SC‘:ehpl)ralc %ﬁ%@@ l‘Fsr%og(t: ro{r)r}](hc% i %\}W*fe‘l TR AL ROEREB% o st TR E RbBRS DA T ee fred
10030@&8Fﬁ@¢t§) @ﬁaﬁﬁom@@wieﬂmemm@t AByisvapaeting tHeisdivent dhi-desiradoompatingis
obtaingdiifabrR FersdR & (Giff & Wos %}g‘ﬁ%&sz%H@?ﬁL&%ngw%g g& &éd@vmmic infor ma? on

heptane/isepropanol 75/25, flow rate /min, Rt: 9.01 min. [0030 ) enantiomer 1s eluted
segong X%%tﬁ%gr} BN ilssite RS thes }ij{ﬁ%' Eonithsna rafiismia Wlé%ﬁo?éfﬁ?gﬂﬁﬁ@*%@hﬁérﬁlmmél’es the
desiretiEgpapd ol peonisddntha@nist El%&hﬁmﬁlb@m&t@mmmh@ﬂnmiumn 250 x 4.6 mm,
heptanediepnropanahdal@ e RV AGHR I M RE oL 812 MW kion, good half-life, good solubility, good

bioavailability, low protein binding affinity, less drug-drug interaction, and good metabolic stability. In a

particular aspect, a compound of the present invention exhibits unexpected significant improvements in
pharmacological properties, in particular improved bioavailability. Where a compound of the invention
exhibit any one or more of these improvements, this may have an effect on its use in the conditions described
herein. For example, where a compound of the invention exhibits an improved biocavailability it would be
expected that a compound of the invention could be administered at a lower dose, thus reducing the
occurrence of any possible undesired side effects.  Similarly, improvements in the other properties listed
above will also confer advantages in the potential uses of a compound of the invention.

[00238] The present compounds are useful as therapeutic agents for the treatment of conditions that are
causally related or attributable to an alteration in levels of circulating androgens in mammals. Accordingly, in
one aspect, the present invention provides a compound of the invention for use in medicine.

[00239] In one embodiment, the present invention provides a compound of the invention for use in the
prevention and/or treatment of age-related diseases including, but not limited to sarcopenia, conditions of
cachexia and muscle loss induced by diseascs including, but not limited to, cancer and AIDS, or induced by
thermal burns or long term immobilisation; and bone and joint discases, such as osteoporosis, reduction in
bibido and sexual dysfunction, or anemia. In a particular aspect of this embodiment, a compound of the
invention is an agonist or mixed agonist/antagonist of the AR.

[00246] Tn a further embodiment, the present invention provides a method of treatment and/or prevention of
age-related diseases including, but not limited to sarcopenia, conditions of cachexia and muscle loss induced

by discases including, but not limited to, cancer and AIDS, bone and joint diseases, such as osteoporosis,
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WO 2010/029119PCT/EP2009/061733 Alternative route: [00303]Fo|lowing the same"route as
described for Example | depicted in Scheme 3, purification can be carried out on the "n-1

intermediatey; ip.the compounds from Example 10 and 11 .a.fter deprotection using a
chiralpakADg%ﬁJ%g(]Zﬁgo x 4.6 mm), using a mixture of supercritical COF¥ MEEMYIFBH (90 / 5/ 5)

at 40C, under 100bars, followed by removal of the protecting group accordi_ng_ to kn_ov_vn procedures
(see ref 10). Example 12: 4-12,5-Dioxo-3-ethy1-4-hydroxymethyl-4-phenylintidazolidin-1-y11-2-
trifluoré‘?ﬁ‘éﬂ@lﬁéﬁ%&ﬁﬁﬂé {ivethdid ia)cBoepot anemia, said method comprising administering to a subject in i
412,5-Riexardrethyl-4naagaydaid Rerespenyioxhmathylipidazolidin-| 1%@%;15{&”“8[{2@%% Ibenzpnitrile
1003041 The .procedure of Example 1, Step 1 applied to 0.23 ( of 44 ,0-diox0-4-pheny1-4-2=""
pro pen;éfég?/srf ﬁ%l%h%ﬁi}?ﬁil 37 01dn-IN A EFYrHEOpeRe oy e HReHitheosasrieindpiobio ethratierprovides
the dedfEttenipyehacebMs aqRist & .20 vl Jir 44} phiddbie dduBdePcdinposition comprises an agonist or
4-12,5ridexax3natldmhydroxymethyl-4-pheny idazolidin-l-y1]-2-01fluoromethylbenzonitr e WO
PCT/EP2009/061733 [00305]0.2 g of ) o N
4212%05/- |§%o- -gih%}’f-fﬂ%ﬂ% 1?45T&Pb$ﬁﬁém6ﬁ§?}hﬁm}ﬁﬁﬁﬁmmmw|nf1t]n2nmmonofwemg/ﬂneemon|tn|e
is treafSeVMitarOaRd. tEarifmo roboréngeditaatidsulfisiercomplax @sogi@%:gﬁ@g ?‘f%NM ?S3M gg% é,)_to
id e - WEL= tane/ethyl acetate | ;
08 (¢ 8 3 g o o 0 e S L LT g RO S o8 (a, 1y 8.20 (o
1H)' 8@@2802 ﬁ)—% aL%W%F(‘F@P@@%& iR eSS TOYRIL OOy sRxaptié of Featment and/or prevention of
4_14-(&1@%@@3@%)Em5mmxmﬂd§yﬁﬁﬁxmﬂw |§ifﬁ%@ﬂﬂ@'@%%ﬁ%&é¥%‘r%im administefing to

[ : - Itri . . 4-(2-HydroxyacetyOhenzonitrile [00306]A so utionof 1 g
gfﬁ?%??%ﬁ%@%%f%@ﬁﬁ%ﬁ%@é@%&?ﬁﬂ rﬁé s 3?5&8?“(’5?34% DR R VIS L iial|aol S

irradiaffoTP{iPaE, B0 '

iRY*F198 sahferastiseitrmentds Eohidvobeifiventimiesiothiirel viatseare enibecied,

extractetanitst efhiyt ether fidriedrouerumagnesiomisiaie a8 Soncentiatesnger vacuum to give the

desireggRgPaHNg: aspect the present invention provides a compound of the invention which is androgen
receptor antagonist according to any one of Formulae I-VII above wherein the Ksene value is below 1pM for
use in the prevention or treatment of androgen-dependent tumors, such as prostate cancer or hyperplasia,
f00244] In one aspect the present invention provides a method of treatment and/or prevention of androgen-
dependent tumors, such as prostate cancer or hyperplasia, said method comprising administering to a subject
in need thereof a therapeutically effective amount of a compound of the invention according to any one of
Formulae I-VII above, wherein said compound of the invention is an androgen receptor antagonist, wherein
the Ksaaa value is below 1pM.
{00245} In one aspect the present invention provides a compound of the invention which is androgen
receptor agonist or mixed agonist/antagonist according to any one of Formulae I-VII above wherein the ECs,
and Ksene values are both below 1uM for use in the prevention or treatment of age-related diseases including,
but not limited to sarcopenia, conditions of cachexia and muscle loss induced by diseases including, but not
limited to, cancer and AIDS, and bone and joint diseases, such as osteoporosis, reduction in libido and sexual
dysfunction, or ancmia.
[00246] In one aspect the present invention provides a method of treatment and/or prevention of age-related
discases including, but not limited to sarcopenia, conditions of cachexia and muscle loss induced by discases
including, but not limited to, cancer and ATDS, and bone and joint diseases, such as osteoporosis, reduction in
libido and sexual dysfunction, or anemia, said method comprising administering to a subject in need thereof a
therapeutically effective amount of a compound of the invention according to any one of Formulae I-VII
above, wherein said compound of the invention is an andro gen receptor agonist or mixed agonist / antagonist,

wherein the ECs and Kggya values are both below luM,
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[00307]TLC: Fr = 0.15 (ethyl acetate/cyclohexane 30/70) 6NMR (CDC13): 4.94 (s, 2H); 7.85-7.87 (dd,
2H); 8.05-8.07 (dd, 2H) LCMS: (Rt = 2.40 min): Not ionisable Step 2:

412-(2-Propgayigyeaggsyllbenzonitrile [00308]To a solution of 2.7 g of 4-g&-hygraxyacehid)benzonitrile
in allyl bromide (15 mL) is added 10.2 g calcium sulfate and 6.7 g of silver oxide. The mixture is stirred

under argon and in the dark for 2 hours. The mixture is diluted with AcCOEt, filtered on celite,
concentrated and purified on silica gel (ethyl acetate/cyclohexane : 0/100 to 50/50?1t0 give the desired

compofiR AL Eramsderon hdprenin amstalersieabrds aFRy do e SMRY ety dshepdr opiarsst (s,
2H); 5ulidgehjddi)nR& (s, 1H); 5.73-5.86 (nx, 1H); 7.64 (d 2H); 7.91 (d, 2H) LCMS: (RI = 3.05 min):

Not i |o [Q0309]Step 3: 44 5 Doxo 4- 11 en deaz I|din 4 llb nzo itrije To a
o RO e O 8 OB S e T A e L B TR T acded
324 mi§ porassium Bk aleistoping 7y @a@frﬁ@rﬁmﬁa@mb@ﬁb@e@m ﬁﬁé(wr@eﬁsﬂreﬁumlwenf@ht at

55C. ThgsidMe 29&@@3%&9%1J é%é%a@&%%w%mmr@ti&ﬁXﬁ%ﬁC&@@bwwmyh@fé@ﬁ@t@oﬁﬁi@&;over

magnesiu t oncentrated under vacuu ive the.desir nd. TLC:
oty S e TS B RO (SIS0t e R B RO BB .00
(dd, 1FypVEBLS. 73 (m, IH); 7.58 (s, 4H) LCMS: (Rl = 2.77 mm): 270- (M-H)-

St6p4m49}05ﬁﬂ519@@&17%-)p2@5cﬁ“03@ &?&%ﬁ&@ﬁe&ﬁl%)m%@ywmﬁqmli%ﬂq‘thﬁflxﬁvgﬁlm will be
tnfluor ﬁnzomtrlle 00310 T %] |on of 675 m
|

4-12,5 %?(18 H2 proBERVIoR FREt I 5%640%/1]%&920%‘3? ia08 852 3fhgcgpand under the

4-brorsp2visfittofonpbsigibe iz dirtddeais Dmﬁ@eézrﬁwd >4 Fagaofscoppérfél) oxidieisgaddedikne
mixture,igkRfibac-anaright @&&@%ﬂ@%m%tgaﬁcigﬁgwmﬁ@@&mmm%ﬁﬁh al10%

aqueo %fgmnonla solution and brine. The organic phase is dried over magnesium sulfate,
When used to prevent a cachexia condition resulting from a primary ailment, for example from, but

not Iimited to, cancer, IV, stable chronic obstructive pulmonary discase (COPD), congestive heart faifure, or
late stage renal failure, the compounds of this invention will be administered to a patient, typically on the
advice and under the supervision of a physician, at the dosage levels described above. Typical patients
generally inclade patients being treated for cancer, HIV or AIDS. | ‘

{60251] A compound of the invention can be administered as the sole active agent or it can be administered
in combination with other therapeutic agents, inchiding other compounds that demonstrate the same or a
stmilar therapeutic activity, and that are determined to be safe and efficacious for such combined
administration. In a specific embodiment, co-administration of two (or more) agents allows for treatment of a
primary condition, and its associated side cffects.

[00252] In one embodiment, a compound of the invention is co-administered with another therapeutic agent
for the treatment and/or prevention of sarcopenia condition; particular agents include, but are not limited to
testosterone, corotinoids, androgens, SARMs and insulin like growth factor 1.

[00253] In one embodiment, a compound of the invention is administered with another therapeutic regimen
for the treatment and/or prevention of sarcopenia condition; particular regimens inciude, but are not limited to
physical exercise alone or i combination with creatinine monohydrate or with dietary proteins.

[00254] In one embodiment, 2 compound of the invention 1§ co-administered with another therapeutic agent
for the treatment and/or prevention of osteoporosis; particular agents include, but are not limited to
bisphophonates (sodium alendronate, reisedronate, ibendronate, or zoledronic acid), teriparatide, strontium
ranclate, hormone replacement, {raloxifene), calcium or vitamin D supplement.

[60255] In one embodiment, a compound of the invention is co-administered with another therapeutic agent
for the treatment and/or prevention of cachexia; particular agents include but are not limited to appetite

stimulants / anti emetics (for example but without limitation Megestrol acetate, tetrahydrocannabinol), ACE
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concentrated under vacuum and purified on silica gel (ethyl acetate/cyclohexane: 0/100 to 50/50) to
give the desired compound. TLC: Fr = 0.48 (ethyl acetate/cyclohexane 50/50) 6NMR (CDCI3): 3.85 (d,

1H); 4.09-4.4%( 1 R-25-5.31 (m, 2H); 5.80-5.87 (m, 1H); 6.07 (s, 1H); - S, 4H); 7.95 (s,
2H): 8.07 (s?‘%Hi)Hﬁ"géaaézé(Rt = 3.29 min): 439- (M-H)- Step 5: plrlERhoihtins
4-14-(4-Cyanopheny0-2,5-dioxo-3-methyl-4172-propenyloxy)methylizinidazolidin-1-y1J-2-
trifluoromethylbenzonitrile [00311]Toasolutionof459mgof4[43(4-cyanophenyl)-2,5-dioxo-4-[(2-

prope ISR BRI et iirhalis BEepiyrifiofo rspmetisyye nvidiottilbngain edkindBtieped inBMFEL.5
mL), 1gidamg.of potassium carbonate and 130 gL of methyliodide are added. The mixture is stirred 3
hours disgj/algoraetgrgb(\{%ash d with briﬁ, ﬁ{(tracted, with ethél acetate, dried over magnesium sulfate
and concentrated 10 give the desiied Compoutid B Lo5 SRSt Attt ansres-ibranctie %6m0) El
NMR (ODC152300 (&l SHyc BB THY thddohradhd)iad B8Ritdlat ket 28534 0AR M)} Brlidb:91 (M,

1H); 7146t @HYiatb S0k (ehs 2bnARals, ik &L QAR S QMG RS S:3h TIBY NALINSARS -
Step4-,lledfflz) 4;}(13%@51‘%%%%})-2,§l-d|%xo.-4-h%/drox methyl-3-inethydazolidin- | -%.1-2- ‘ _
ibe RS B 8T T T RPDG R 53 RO 1S eoRitibH 3i%e% mg of

trifluoromethy n;onl}/ﬁle
444_(41§y@ﬁ@pﬁ@ﬁyggz@5§gvémghgﬂ%Qﬁyg[irdh[@@a Etravirine®), protease inhibitors (for example but without

propemyaxydmetydianidazlidinalnel knd:tifluerorathylbenzaniile ohtained in.Step 3N RGNS mL),
600 u (Qf l%OI’OI‘J tri%uo 'de-dim%thyll)sulfldeQ%omglex is added. The mixture is stirred 8 hours at rf,
diluted With DM washBd With an AJHEBHS SolTHibh SHEEHTm GiEarbiaie, Bied BR8K nigiREeum
sulfaté/ eiricesits dtelt atideBukfiddconsilidabijets(€in yk anplabel oyidiondiaineiod/h06:tavBD/50) to give the

desireghgpampaynsle ThbodfhenOa kBB lMlas R RIcHaIANeXaNg AL NUR LCRGIRL 3,445, 3HD; 4.16
(d, IH); 4g3§(d, lHrE 7.% (cL 2H): 7.82 (d, 2H). 7.93-8.00 (in, 2H), 8.13 (s, 1H) LCMS" (Rt= 3.05 mm)
383- ( r e ST g bl]ére:l\_/&_tlon of congestivé heart failure induced cachexia; particular agents include but

4-14-(3-Cyriophehyd p2 S apio xtads tiyd thixyrethy) 8:medisylintidazalidit)] dd bPockers (bisoprolol,
triﬂuo'&%@&hw: Q@H%@Wéﬁ%gl@q{jﬁ%étﬁﬁ 'A%é%ﬂﬂ%%?@%@&&%)ﬁe%%&%f Enalaprii, Ramipril,
Quinapril, Perindopril, Lisinopril, Benazepril, or Fosinopril), angiotensin I receptor  antagonists
(Candesartan), or vasodilatators.
[00258] In one embodiment, a compound of the invention is co-administered with another therapeutic agent
for the treatment and/or prevention of late stage renal failure induced cachexia; particular agents include but
are not limited to ACE inhibitors (Captopril, Zofenopril, Enalapril, Ramipril, Quinapril, Perindopril,
Listnopril, Benazepril, or Fosinopril), angiotensin I receptor antagonists (Candesartan), vitamin D3, or
calcium associated to phosphate binders.
[00259] By co-administration is inc}udcd any means of delivering two or more therapeutic- agents to the
patient as part of the same treatment regime, as will be apparent to the skilled person. Whilst the two or more
agents may be administered simultaneously in a single formulation this is not essential. The agents may be

administered in different formmlations and at different times.

GENERAL SYNTHETIC PROCEDURES

General _

[00260] The compounds of the invention can be prepared from readily évailabie starting materials using the
following general methods and procedures. It will be appreciated that where typical or preferred process
conditions (i.e., reaction temperatures, times, mole ratios of reactants, solvents, pressures, etc.) are given,

other process conditions can also be used unless otherwise stated. Optimum reaction conditions may vary
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[003131A solution of 776 mg of 3-(2-bromoacetyflbenzonitrile in acetonitrile (5 mL) and water (10 InL)
is treated under microwave irradiation (125C, 50 min). The same experiment is realized a second time
with 976 mgxAlhigovials are collected, extracted with ethyl ether, dried oygrimagngaisyssulfate and
concentrated under vacuum to give the desired compound. TLC: Fr = 0.38 (ethyl acetate/cyclohexane
30/70) BNMR (CDCI3): 4.94 (s, 2H); 7.71 (t, 1H); 7.95 (d, 1H); 8.18 (d, 1H) 8.25 (s, 1H) Step 2:
31(2-(2- Propenyloxy)acet benzonitrile%’ 0314]To a solution of 1.08 g

3-(2-hyH% é?éé‘f?ﬂﬁ)‘érﬁ% iR SRR BT S Es ?ﬂLﬁ‘%O&*&P%BFcﬁSW&WQ&V SREIS5 B°0 'BE Bxide
are adabedncldpeimmixtinepisstinted under argon and dark overnight. The mixture is diluted with ethyl

acetatq fHyated A Gele. Longat; %{a%?e&qg 1%%5'&%%%9&‘&4%&%&%&% {3@5‘?4%%%‘?%@%%&%00 to

30/70) to give the desired compoun 0.64 (ethyl acetate/cyc ohexane 3
(CDCIBFA5aY (PB4 ipsiupgiierg] gropgs ffPFP Bnderging Yrdes Qg osm Tﬁﬂﬁh‘?ce@f(ﬁ gt 90 (d,
IH); 8.22tédtikl pr 812 o8, pdfiduGEMSIc(ii=F Bg aninciNotianisabledBiep B protection and deprotection

s-112, ﬁe[%&%?m%&?nﬂ%%{'yip Béf[}ﬁ Qy l é?‘ '}Q &t%%&?&!ﬁ%%&r% &09%%@510&%8 }L&%Qa?fadx‘g'o mg

of 3-[(2- Z%rope loxy)acetyl enzonltrle in E nd water (5 mL potassium
cyanid&sSHBCE Mot EsrE GHatE- dfe Md ﬁf@f@?ﬁ%?g%%ﬂw?é%ﬁéwém econd Edition,

2010/0&%1%@?@?2@@9/%1%&@1@%@& Eﬁfénﬂ' he mixture is extracted with ethyl acetate, dried over
magn te and.concentrated he desir

et S B R B 8 e R ol o b
5.33 (thaNy2 5 853, ggteﬁh,hfmmbw (t, AHPTR8O¢doD MY, MOBLBD2EH, UH)repared from known or
St6p4&Aﬂﬁ;&yﬂwbmyaﬁaﬁ@mﬁa@mw@@@aywamemy&idﬂmwtr@ﬂoygalﬁamﬂaesis.

trifluor zonltrlle 0316 To a solution of 579

30 5 N L R L A T 3 O RS e s iy peiiaton, unloss
4-brom6@%1¢¢fl@}@tnﬂn@mhwﬁ5@ﬁ&:ommlebin mwsz.sslmmy a8y lof cwpemso;qd@qpé audedneThe

mixturgi.§pilixed Quernighiat:lReks Lhe miytureds %@I&?%@te&ﬂ@&(%ﬂé}@ééMpwme@%%@
solutlon of 10 % queous ammoni sol |é)dw g%obn e T n|c hase Is dried. over ma%nesium

sulfate ECRESHHARE T ARGEPVE O G AR (lzlglggle gﬁyﬁ“ac?éfa‘fe?’c‘ﬁ%ﬁ% SAREYE 6510
S 0/50) toteghiithe EeiiekbtmpbakETLES s BN RhylaCetasToytlohexam OISO A0TMNMR

(CDCls;;)ec%‘r&ée(Q (D) MDY -l i S P57 %0 AONIIR AR B4 ThHBkrB 84 il (fpad-7-70

(in, 1H); 7.80(d, 1H); 7.94-8.19 (in, 5H)
relative to tetramethylsxlane (8 0{)) of the appropriate residual solvent peak, i.e. CHCl; (8 7.27), as internal

reference. Multiplicities are given as singlet (s), doublet (d), triplet (1), quartet (q), multiplet (m) and broad
(br). Coupling constants (J} are given in Hz. Electrospray mass spectra (MS) are obtained on a Micromass
platform LCMS spectrometer. Column used for all LCMS analysis: Chromolith Performance RP-18 100 mm
x 3 mm (Merck AG). All the methods are using the following gradient:

Solvent A: MeCN; solvent B: H,0, both solvents contain 0.1% formic acid.

Gradient: 100% B 1o 0% B from 0 to 3.5 min; 0% B from 3.5 to 4.5 min; (% to 100% B from 4.5 to

4.6 min; 100% B from 4.6 to 5 min. Flow rate: 2.5 mL/min.

List of abbreviations used in the experimental section:

DCM: Dichloromethane

DiPEA: | N,N-diisopropylethylamine
MeCN Acetonitrile

BOC tert-Butyloxycarbonyl
DMF N, N-dimethylformamide
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LCMS: (Rt = 3.26 min): 439- (M-H)- Step 5:
4-043-Cyanopheny0-2,5-dioxo-3-tnethyl-4-1(2-propenyloxi)niethyl] dazolid n-I
trifluorometiydgngemstrile [00317]Toasolutionof358mgof444-(3-cyanophepytireaadisiesé-[(2-
propenyloxy)methyllimidazolidin-1-y1]-2-trifluoromethylbenzonitrile in DMF (1.5 niL) 135 mg of
potassium carbonate and 101 j.iL of methyl iodide are added. The mixture is stirred during the night at

nvashed with brine._extracted with eth

room temperature, evaporated,
sulfate and concentrated to give

tﬁa‘b‘desire

Jfé%‘i‘ﬂf?@ﬁ‘ﬁia.ﬁ?*ﬂc: Fr=0.5

50/50) 6 1121NMR (CDC13): 3.

HSNE; 3H)

AL\ oneZ -G

SEE{AVBERN: i R4 (maH);

5.84-5.91 (m, 1H); 7.63-7.79 (m

ﬁﬂ?gd .J U
-diox0-4-hy

ﬁ niﬂ’}’is%l&;hk% HHEEMS:

roxymethy1-3-methylims

Step 6: 414-(3-Cyanopheny0-2,5

-2-trifluorontethylbenzonztrile W

&2B10/0

2@@9@@#@2@@9}%1?33

trifluoroborane-dimethylsulfide ¢
(3-cyanopheny1)-2,5-dioxo-3-m¢
trifluoromethylbenzonitrile (in D(

ONaEX ar
sthyl-4-17
CM (5 mL

CATRPOIR R SpED OT 35
IOREIp. methylimidaz

]_?'I(}é)j mixture Is stirre ig rgu

with DCM, washed with an aque
concentrated and purified on sili

Ca.gel (et

| aceatate Ir
acetate

dwsrsoluti

oprBfrsbetitibicarbonate, d

| acetate, dried over magnesium

8 (ethyl acetate/cyclohexane

4.38 (d, 1H); 5.29-5.34 (m, 2H);
(Rt = 3.81 min)- Not ionisable

dazo din-I

[00318]328 p,L of
mg of 4-0-

Hlidin-1 1-2-

s at room temperature, diluted
ried over magnesium sulfate,

W @eglatg/cyclohexane U/1

\Ir\lnhovnnn l-_\ﬂll-_\n\ =]

compound. TLC: Fr = 0.30 (ethy}

(m, 1H); 4.71 (d, 1H); 7.65-7.79

B 4H): 7.8

SACEIGB UFE 2H): 8.14 (s, 1

(M-CH20H)- Example 15:

8

singlet

DO to 50/50) to give the desired
NMR (CDC13): 3.14 (s, 3H); 4.17

H) LCMS: (Rt = 3.04 min): 383-

4-12,5-Dioxo-4-hydroxymethyl-

prethyi=

Asigigrgmethytphenytir
Pl (3=

trifluoromethyl-benzonitrile (Met
[00319]A solution of 2-bromo-1];

nod A).Ste
3%trifluoro

Hﬁﬁﬁ?f‘fbhenyﬂethanone (1

water (10 mL) is treated under n
five times. All the vials are colled
concentrated under vacuum to g

nigrowave

ivép’the de

|Er{aﬂ1tailon (125C, 50 min) T

sweé‘r(i:’opo D

moound 8 IFINMR

1H); 7.93 (d, 1H); 8.14 (d, 1H), §

2 (s, 1F

JRStE ANPBPPrOpenyloxy

(3-trilluoromethylphenyOethano

g 00320

Rudnpeiilign of

hone. /’2 66 a) i ITal all\ll hrnM|

1-(3-trifluoromethylphenyl)-2-hydraxyethan
sulfate (10.9 g) and silver oxide (7.1 q). Th

‘Triethylami

idazolidin-I-y11-2-

rilluorometl12ylphenyl)-2-hydravethanone

g) in acetonitrile (2.5 mL) and

he same experiment is repeated
nagnesium sulfate and

(CDCI3): 4.96 (s, 2H); 7.70 (m,
)methyl

e (20 mL) is added calcium

e mixture'is stlrred under argon and dark during 2 hours.

The mixture is diluted with ethyl acetate, filtered on celite, concentrated and purified on silica gel (ethyl
acetate/cyclohexane 0/100 to 15/85) to give the desired compound. TLC: Fr = 0.79 (ethyl

acetate/cyclohexane 50/50) 6 11-1 NMR
5.94-6.02 (m, 1H); 7.66 (t, 1H); 7.88 (GGE

General scheme:

NERS L ROTED

4.20 (m, 2H); 4.78

(s 1H)

(s, 2H); 5.30 (d, IH); 5.38 (d, 1H);

[06264] Compounds of the invention may be prepared according to the following procedures:

Method A

Scheme 1
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LCMS: (Rt = 3.53 min): Not ionisable Step 3:
41(2-Propenyloxy)methyll-4-(3-(trifluoromethylphenyOunidazolidin-2,5-dione [00321]To a solution of
2{(2-propenylgx¥methnd1-1-(3-trifluoromethylphenyflethanone (1.17 g) inpE{Okb{funls) AR Water (5
mL) is added potassium cyanide (624 mg) and ammonium carbonate (3.2 g). The WO
2010/029119PCT/EP2009/061733 mixture is refluxed overnight at 55C. The mixture is extracted with
ethyl acetate, dried over magnesium sulfate and concentrated under vacuum to give the deswed
compound. TLC Fr = 0.45 (ethyl acetate/cyclohexane 50/50) 8 IF1 NMR (bDCIS 3.80 48, 1H);
4.00-4.10 55.285:27 (in, 2H); %77-5.87 (M, 1H); 6.77 (5, 1H) NBPE Hi N 1H)
7.77-7. 8%& 59-(s, liH)sk CWST (Rt = 3-18mgim);- 313 (M-H)- Stepa— ®
4-[2,5-Dibx0-4-1(2-propetiylaky) methy1J-4-(3-trifluordmethy 1pheny0 rﬁ@&i‘é‘ﬁdlnl‘fﬂyﬁl’ﬁ* 2-
trifluoromethydbenzonitrile [00322%To a soltitiEH S 28 4a
4-[(2-propenyloxy)methy ?4 (3-trifluoromethylphenyflimidazolidin-2,5- dione (1.45 g) and

4-bromo-2-(trifluoromét gfzonitrile (1.151)) in DMAC (7 mL) isradded copper oxide {528 mg). The
mixture is refluxe 30ver at 130C™Fhe Iyixture is concervr te\ taken in ethyl e, washed with
el

a 10% aqufepys™ mnfbnl% solutionse feFhe or ang dried 0\4{]er“m siuffi’sulfate,
concentra ethMacuum»aﬁ ifieckion srhca~g tatereloR "§/160 to 50/50) to
give the ad compoutt® Tl : .69 (etﬁ a,g y lohexane 5@/ 1%-1 NMR (CDC13):

3.84 (d, 1H)@4 10 (m, 2H); 420 (d 1H); 5.25-%:80 (m, 2H); 580 5.89 (m, 1H); 6.57 s, IH); 7.62-7.66
(t, 1H); 7.74 (d*1H); 7.91-7.96 (m, 4H), °09 (s, IH) LCMS: (Rf: 3.55 min): 482- (M-F)- S tep 5:
4-12,5-Dioxo-3-methy1-4-112-propenyloxyPnefinlisd 8- rifluorot ethylphenyOintidazolidin-1 4J-2-
trifluoromethylbenzonitrile [003231Toasolution f§14np of 412,5-dioxo-4-[(2-propenyloxy)methyl]-4-(3-
trifluoromethylphenypimidazolidin-I-y1]-2- tnfluo%én%lbenzonltnle in DMF (1.5 mL) is added
potassium carbonate (279 mg) and methyliodide (420 gL). The mixture is stirred 5 hours at room
temperature, evaporated, washed with brine, extracted with ethyl acetate, dried over magnesium
sulfate and concentrated to give the desired compound TLC: Fr = 0.39 (ethyl acetate/cyclohexane
30/70) 6 11-1 NMR (CDC13): 3.09 (s, 35,,; 3 SY(d 1H); 4.14- 4,1§ Tm, 2H); 4.42 (d“cilnlac@ 8-5.34 (m,
2H); 5.85- 519,%4(m 1H) 7.64-7. 68 m, 3@@@ 1H); 7. 33- (;n 2H), 8.12 (s C], )<[ MS (Rt=

4.05 min); i& Step 6: ﬁﬁ “A-hyd yﬁ’net eth§EA- (3. L )
fluoro i&b pheny(f)bmdazm ]-2- triflior onzeﬁ@ﬁeh’Zomtrlle WU D Moy Mog
2010/ 91]19P)QT/EP2009/6617 < I - oo R °

9a 10a tta
Example 1: 4-{2,5-Dioxo~4-hydroxymethyl-3-methyl-4-phenylimidazolidin-1-ylf-2-
triﬂuomméthylbenzonitrile (Method A)
Step 1: 1-Phenyl-2-(2-propenyloxy) ethanone
[00265] This compound is prepared from 2-hydroxy-1-phenyiethanone, according to the procedure
used by G.A, Molander and J.A. McKie on 1-hydroxy-2-butanone, J. Org.Chem, (1995), 60, 872-882,

Proteciion step {optional):

[00266] I-hydroxy-2-butanone can be protected by a variety of well known groups according to
routine procedures well known by the man of skill in the art. For example, 2-(tert-Butyl-dimethyl-
silanyloxy)-1-phenyl-ethanone is obtained quantitatively by mixing 1-hydroxy-2-butanone, tBDMSCI, and

imidazole in DMF (see ref 10). This intermediate is then used as described in the following steps.
Step 2: 4-Phenyl-2-(propenyloxy)imidazolidine-2, 5-dione

[066267] 0.775 g of 1-phenyl-2-{2-propenyloxy)ethanone, 0.575 g of potassium cyanide and 1.6 g of

ammonium carbonate are heated to 55 °C for 3 hours in 23 mL of a 50/50 ethanol/water mixture. The reaction
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[00324]To a solution of 782 ing of 4-[4-(3-Troluoromethylpheny9-2,5-dioxo-3-methyl-4-[(2-
propenyloxy,)inethylpmidazolidin-] -yll-2-trifluoromethylbenzonitrite in DCM (5 in L), 662 !..iL of
trifluoroboragg;dimpihy{sylfide complex are added. The mixture is stirred %{t}ours at room temperature,
diluted with DCM, washed with an aqueous solution of sodium bicarbonate, E(Fép&%)\?@lﬁmggnesium
sulfate, concentrated and purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the
desired compound. TLC: Fr = 0.45 (ethyl acetatc/cyclohexane 50/50) NMR (CDC13): 3.14 (s, 3H);
4.18 (dWERY B PR Ty eremdresagind Sl cThybaetattHYhT c0Ffdt, sbid)io8 B 2véeheliiv)iriBakbn(sydiH)

LCMS'aeﬁﬁlioEs%oB&ﬂﬂ toALEsfMrlaHREG H&mm&&@éulfate_and evaporated to vield the desired product
1-(3,4-(%%%9; nenyl)-4-hydroxymethy1-3-methyl-4-phenylimidazolidine-2,5-dione (Method A) Step
1: -Phenyl-z-%? -propenbloxy) ethanone [00325]This compound is prepared from _

2-hydrékir| irdhiAdtisaisarethacssiingX®6%he procedure used by GA. Molander and J.A. McKie on
1-hydroxybutan oo ¥ 3@80 Cham4 (901 61 4852882 Step ?g 21;)7 5.22 (dd, 1H); 5.34 (dd, 1H);
4'Phe'§5(%§‘h%]g{2f%599§§'}é|}° %q]gtgx:d'&lrgg zolidine-2,5-dione f0032 10.775 g of

1-phenyl-2-(2-propenyl >1<')>/%e hanong, 0.575 g of potassium cyanide and 1.6 g of ammonium carbonate
are heatddXd®5-C 1Bm3hiciit itVEBMsNGD a 50/50 ethanol/water mixture. The reaction mixture is
diluted with water and extracted with ethyl acetate. The organic solution is washed with a saturated

aqueous s dium chloride soluti en dried over sadium sulphate and evaporated to yield the
desireglzscfjo?ﬁ pﬁ?ﬁF e -ﬁ%gy 6042%%%{365 R ﬁ%?}?{?élg%éﬂgéd’@fﬁ yatduhw sty eerrniniar
(CD308§2688 (d, 1TH):2450 B {iv 86 04422 (off HHYe:92-(Sra2eRy BrR2r{debolittye5,34146d, 1% 6:R5 (ddt,

1H); 7dadRyi3tdint ALl b b@ Mt dshaere 19):,A88 ( ! N4 : rile
-(3,4-D[i]ehlgfo hen¥10-4- he taélgz-gégg%%ﬁl%ﬁ ?&%ﬁﬁn%#;%'ﬁgﬁg-g%%{ﬁé}ﬁ%%%bfﬁ8? gicéf
opher 2 E S e b L ST R2 Bclatt EUBiFat HThE BMAL a7 Flyetn of
1,2-di¢ereri-pado-bervtehe idre hulblled 46l Gve drigyn28 iy of opperdt ) axide sdike dniviere; isswarmed
at 160&49r3-h048s. AtHthe mbsture s el I 9 .St mmonia a tracted
with eéh flI arc %at . The or pani_(: %Heg‘fg %gg@g&vﬂg%ﬁ%@rﬁ? Isl%?%%g,gﬁltgg dtl aﬂlq%\?amptorﬁtgcﬁ%é O
2010/ %ﬁ% gﬁﬁfﬁ%ﬁgf%lﬁgé dFeiERe Bkt is purified by chromatography over silica gel while
elutind WithFire0 2 (haptasietetageace @@ imixture. 8 1H NMR (DM50): 3.70 (d, 1H); 4.08 (m, 2H); 4.15
(d, 1Hy:8 ATk DP- 23, 1H); £588 (0t 15 Za?ﬁx)?s?%tﬁﬁs 1f AN .62 (e 2H) 87, A5 7.78

(d, 1H), 9,40(s,.1H). LCMS: (Rt = 3.44 min): no ionization Ste
I-(3,4- |t%%gr(?p?éé%y%%ﬂ&%%&%ﬁ?eﬁﬁ%-@rﬁé%yM-phenylimidazolidine-2,5-dione
[003281TdasBlutiGreiaBgafs-M(B;4-dichloropheny1)-4-phenyl-4-[(2-

Step 4 : 4-(2,5-Dioxo-3-methyl-4-phenyl-4-[(2-propenyloxy)methyljimidazolidin-1 ylj-2-
trifluoromethylbenzonitrile

1002691 To a solution of 0.86 g of 4-[2,S~c§ioxo—4-phenyl~4~[(2-propenyioxy)methyi]imidazolidin—1-

ylj-2-trifluoromethyl-benzonitrile and 0.26 mL of iodomethane in 30 mL of DMF is added 430 mg of

potassium carbonate. The mixture is stirred at rt for 5 hours, evaporated to dryness, diluted with water and

extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered and evaporated. The

crude product is purified by chromatography over silica gel while eluting with 70/30 heptane/ethyl acetate

mixture to provide the desired product.

TLC : Fr=0.37 (heptance/ethyl acetate 70/30)

§ 'HNMR (CDCL): 3.07 (s, 3H); 3.98 (d, 1H); 4.14 (br s, 2H); 4.44 (d, 1H); 5.28 (d, 1H); 5.32 (d, 1H); 5.87
(ddt, 1H); 7.39 (m, 2H); 7.49 (m, 3H); 7.92 (d, 1H); 8.00 (d, 1H); 8.13 (m, 1H)

LCMS : (Rt=7.11 min): 471+ (MH, MeCN+)
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propenyloxy)methyllimidazolidine-2,5-dione in 3 mL of DMF, 238 mg of potassium carbonate and
0.143 mL of iodomethane. The mixture is stirred at rt for 5 hours, evaporated to dryness, diluted with
brine and exygclsd ywifh, gthyl acetate. The organic layer is dried over sodium sulfate, filtered and
evaporated to afford 0.47 g of yellow oil, which is then dissolved in 5 mL o?%ﬁzﬁ%beﬁl%on
atmosphere. 0.4 mL of trifluoroborane-dimethylsulfide complex is then added. The mixture is stirred at
rt for 5 hours. A saturated aqueous sodium bicarbonate solution is added slowly. The mixture is
extractéePwith DCM/aid tResrdadnid dayeris/diied/overseditimgutfate:-filtgred-ghd-emaporated. The
crude product is pupfieghyerystallization from DCM/ethyl ether. 8 1H NMR (MeOD): 3.02 (s, 3H); 4.20
(d, 1H)[(') (d, 1Hé; 7.43-7.57 (m, 5H); 7.68 (d, 1H); 7.92 (d, 1H); 7.75 (m, 1H). LCMS: (Rt = 3.13
mm) N{}él%?@ation 8neraf‘procer°gﬁ?’%“for E?(famplgg%Y to P8, (Méthoor i Seisprgtbyl-4-phenyl-4-[(2-
[Qos2Qﬁ]@mﬂgw@q@lslljm@zdﬁglhnehyl}&tf(ﬂuprapahylmm_emw} #nidB 20 didifotoyhlihie is added 2
trifluoremethytienaonile At fisaahed i 40mio DY EMIR Fe.apP 'ﬁfgg}%&%uiaengyls 'all(ggt ! dr%63 Mg

of pota#tssirum arb(_)qate. The mixéllﬂ?rf%is stirred at rt for 5 h, evaporated to dryness, ffuted with water
and extracted With Sthy A CAIARCTHE SRISATYIR AL RS oVEP h A Festai stitfed Viirevets-de the
solventigzeizdpiratedti Theveruee productiszpu ifieckbycheomatography aves sitcacgel whileebiting
with 7Qr3hhaenians/ ek acs e i iR-S1em3PQ33010: 3 Al yiflugrehorane-dimethylsulfide

g %0 mL of dicﬁlorogéethane IS al dedlto a solgtion ofktrheé%:%ftr%rg%%%? sooportogilngﬁ%%t%epgl,

complex i
dissol\%%olrﬁ 15 ntL of dichloromethane (respectively 0.32 g of N-isopropyl, 0.4 g of N-cyanomethyl and

0.4 g SfN=P¥pargyl). The mixture is stirred at rt for 6 h and WO 2010/029119PCT/EP2009 6 733

pouredinio s satuairpkagiaussadiupficarbonate solution and extracted with ethyl acetate. The
organigiﬁ%%ﬁs 8#351 QV’*eé agjnesium sulfate, filtered and evaporated. The crude product is purified
by chrdomatograpiy 6uer-Siica Yk v Gidhtgh iRtz B0 REstandisthyPder il mittide xERTle 17:
4-12 5<Didko-AlRydrdximethy1-3-(1-methylethyl)-4-phenylimidazolidin-I-y11-2-

trifluonomeshytienzonitiile Senv ;égzg)ﬁ)Dioxo-B-l1-nzethy|ethy0-4-phenyl-4-1(2-propenylag)methyII
dazolidin-lI-y11-2- trifluoromethylbenzonitrile [003311TLC: Fr = 0.65 (heptane/ethyl acetate 50/50) 6
114 NMR (CDC13): 1.41 (d, 3H); 1.50 (d, 3H); 3.37 (dt, 1H); 4.12 (d, IH); 4.13 (sl, 2H); 4.42 (d, IH);
5.25 (Examplies 32 §d, |H); 5B5{dtydtH)]-F)30okmpr el FASHYDL iy 1iRBIkehiAR) 1 §02-(d, H); 8.15 (m,
1H) LCMS: (Rt =3.71 mink. g/ M 1-%&%%»:&% (Method B)

2:4-1-§ ylethyl)-9-phenyli idazolidin-I-y1[2-

1‘,5- i (3]-4Z-Bydr?>2/meth [-3-(1-met
trilluorormethylBehZof e af@ff@éﬂ“‘f’f’@[‘f‘cﬁ?’@ 0.45 (heptane/ethyl acetate 50/50) '14 NMR (CDC's):

1.41 (HYBAY] 1.53 (6,634 3AGi(cltyll)]ofiBOate s kil AdR O 1dLio 16:87 (90,1 2D o T AR RKD 6593 (d,
1H): SAGEIR0:E20 (06 sl PEMR) (R AT N B0 (M GHROKI EYample 18 )
4-12 5-Dioxo-3-eyartomethyl-4-ltydroxymethyl-4-phenylimi azolidins -yffﬁ- - trfﬂﬁorome%’yl EfZonitrile
stirring, The mixture is stirred for 48 h'at rt then the solvént is evaporated to dryness. The crude product is
diluted with an aqueous sodium bicarbonate solution and extracted with cthyl acetate. The organic phases are
washed with water then brine, and dried over magnesium sulfate, filtered and evaporated to provide the
desired product, which is used as such for the next step.
TLC : Fr = 0.56 (dichloromethane/methanol 90/10)

& 'H NMR (CDCL): 1.96-1.99 (br s, TH); 2.43 (s, 3H); 3.73 (s, 3H); 4.30 (s, 1H); 7.31-7.42 {m, 5H)

Step 2: 4-{2,5-Dioxo-3-methyl-4-phenylimidazolidin-1-yl] -2-trifluoromethyl-benzonitrile

[00272] To a solution of 1.26 g of triphosgene in 20 mL of anhydrous toluene is added slowly a
solution of 1.18 g of 4-amino-2-trifluoromethylbenzonitrile in 16 mL of anhydrous dioxan. The mixture is
refluxed for 1.5 hour. After cooling at 1t the mixture is evaporated to dryness. To this crude produet diluted
with 50 ml. of anhydrous THF is added 1.13 g of methyl 2-methylamino-2-phenylacetate in 10 mL of THF.
The mixture is stirred at rt for 30 min. 1.96 mL of TEA is added, the mixture is refluxed for 1.5 hour and

stirred at rt for 16 h then evaporated to dryness. The crude product is diluted with an aqueous solution of
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Step 1:4-13-Cyanotnethy1-2,S-dioxo-4-phenyl-4-1(2-propenyloxy)methydazo
trifluoromethylbenzonitrile 1003331TLC: Fr = 0.25 (heptane/ethyl acetate 50/50) Ng/(;R (1C|:_|I)DC71§E)3 '
4.09 (d, IH); . 4.47 (d, 1H); 4.60 (d, IH); 5.29 (d, 1H); 5.33 (d, 1H); 5.92 (ddt ; 7.38 (in,
21-1)(; 7.53.) aﬁ?}@%ﬁ%éﬂ& (br s, 2H); 8.11 (hr s, 1H) LCMS: (Rt = 3.39 mif)- ’8{’?893%'357%3&@
2:4-R,S-Dioxo-3-cyanomethy1-4-hydroxymethyl-4-phenylimidazolidin-I-y1]-2-
trifluoromethylbenzonitrile [00334]TLC: Fr = 0.35 (heptane/ethyl acetate 50/50) WO
2010/029HOPETHERPREOIOERTRE BRMRYGDEIB) Ths 1fztuhicditysds 46 (dyshbt) whib Svheky Hnyn 4172, (d, 1H);

7.36 (nhicd B3r(a @it Q81 £e, rhr& Qla(E olha Be1 2HDE 4NN VS RET 3 48 k38R,
(VCHROH Eramac 32,442 6 Dorc Eydron eyl o phenyi 3¢ popynyDlmcazoli
-y1J-2- trillioromethyiBenZ ORIt s Step I ‘

|:4-12, BLSid% o= 4-phdipaopedmo plrytthey iiétAy]-3-(2-propynylfimidazolidin-1-y1J-2- oe)
rifluoreethyibarzonitriled@03BBI le (£ 7065 theptanselsihyl aseiate 50/50) & HINMR :
2.27 (i ()11;84%%, 1H);@‘2.134fl§(]rn, 2r(|); 15 d, 1%.%@1, 1H)%6( ,|H);€.2§A(d, TH): 5.31 (d,
IN); 5.0 (c?’ £ &@; 41 (n, 2H): 7.49 (in, 3H); 7.94 (d, 1H); 8.01 (dd, IN); 8.14 (br s, 111) LCMS: (Rt
=3.45 RS not ioh Baliie Srip 2ethed Subioxeailhydroxymethyl-4-pheny1-3-(2-propynyl)
dczzolidin-l-y1]-2- trifluorotnethylbenzonitrile [00336]TLC: Fr = 0.40 (heptane/ethyl acetate 50/50)

NMR (CDCI3):2.48 (in. IN); 3.83 (dd, 1H): 4.48 (d, 1H); 4.73 (d, IN); 4,81 (dd, 1H); 7.46 (in, 2H); 7.51
v 31 BN 0 (T U8 o 80 At ey S e A rmpie
20: 4-180378]oxo-4-Rydroxynhetby 1-f-phehylingidag oHein st dyikd-2-ditfibioropretiithrinzomikiey{Method

A) Steiftuoromethylbenzonitrile in 4 mL of anhydrous THF cooled 1o -78°C is addegi slowl%o.ﬁf'l %L of ]ithim?
4-12,5-Djoxo-4-phe ¥1:4-1702-pr0penyloxyf|net_hylllmldazolldln-l-yll-Z-trl luoromethy enzoonltrl e
[0033 m%‘%%?&’i Q 18°47°4 BB Ny AR RSrRERRI S Ry e aS Bt HETISIATSRE for 30

10 min. Then 121 uL of propanaldehyde are slowly added, the solution becomes dark red. The addition of
another 121 pL of propanaldehyde Ieads to the total discoloration of the mixture. The mixture is stirred at -
78°C for 30 min and the reaction is quenched at -78°C with an aqueous solution of ammonium chloride. The
mixture is warmed at 1t and the aqueous phase is extracted with ethyl acetate. The organiC phases are washed
with water then brine, and dried over magnesium sulfate, filtered and evaporated. The crude product is
purified by chromatography on silica gel while eluting with 1/1 to 0/1 heptane / dichloromethane mixture then
99/1 to 95/5 dichloroniethan/ethyl ether mixtares, to afford two diastercomers: isomer A and isomer B.
[66274] Analytical data for isomer A:

TLC: Fr = 0.45 (dichloromethane/ethy! ether 9/1)

3 '"H NMR (CDCL): 1.19 (¢, 3H); 1.48-1.63 (m, TH): 1.65-1.78 (m, 1H}; 3.26 (s, 3H); 4.70-4.77 (m,

1H); 7.46-7.62 (m, 5H); 7.93 (d, 1H); 7.99 (d, 1H); 8.13 (s, 35}

LCMS: (Rt=3.47 min): 358- (M-CH;CH,CHOH)-

1006275] Analytical data for isomer B:
TLC: Fr = 0.36 (dichloromethane/ethyl ether 9/1)
& "H NMR {CDCly): 1.18 {1, 3H): 1.42-1.55 (m, 1H); 1.72-1.84 (m, 1H); 3.08 (s, 3H); 4.63-4.70 (m,
1H); 7.39-7.55 (m, SH); 7.95 (d, 1H); 8.02 (4, 1H): 8.15 (s, 1H)
LCMS: (Rt = 3.46 min): 358- (M-CH;CH,CHOH)-

Examples 4 & 5: 4-{2,5-Dioxo-4-(1-hydroxyethyl)-3-methyl-4-phenylimidazolidin-1-yl]-2-

trifluoromethyl-benzonitrile
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mL of DMF is added 0.28 g of copper () oxide and 0.81 g of 4-bromo-2-trifluoromethylbenzonitrile. The
mixture is warmed at 135C for 20 hoursthen it is evaporated to dryness. The crude product is diluted
with a 20% qgyegHs,sefigion of ammonia and extracted with ethyl acetate, The or%anic I%%/er is dried
over magnesium sulfate, filtered and evaporated. The crude product is puﬁﬁgﬁﬁ aftehtt ography
over silica gel while eluting with 70/30 heptane/ethyl acetate. TLC: Fr =0.30 (heptane/ethyl acetate
7/-30) 8 'EI NMR (CDCI3): 3.86 (d, 1H); 4.14 (br s, 2H); 4.27 (d, 1H); 5.28 (d, 1H); 5.32 (d, 1H); 5.89
(ddt, 1HPZ78 (in, 3HR. F-Toxm-CH)y dr@8ethy) 2H)e8i it (e dyFbi¥AOlidin- 1 -y1)-2-

2010/02939REGHYER20RURG1 733k MK R -8 2% B?&‘Ek)ccﬂ%é‘as‘f!\é'}'aﬂsx%?fgee% ézé‘n‘ft?ff‘é‘f(ﬁ)%%]“fo .

442 ,5-Dioxp-4-hydroxymethy1-4-phenylimidazolidin-1-y1J-2-trifluoromethylb

solutio ’gf“8‘?i‘é‘%ﬂ%‘,}/‘s‘ﬁ%%%é&’-‘b‘ﬁ‘éﬁ%ﬁi’[(&u&%@h@'ﬁ&%@ﬁ%ﬂﬁﬁﬂ%&&ﬁ@iﬁa%iwdeiwde instead
2-triflueforeignpldezonitiiecmde roduofiDONFis! g dbeh0a2opmpbf triflitroporane: dissathylaulfide
complex inspRipkiafidishlamethane dhesmixiyresis %ﬁﬁ%@oﬂ}eﬁz{%@ﬁ%ﬁ{gf %ﬂ%\%o,u eddnto a

satura(tled a%ueous.sodiu icarbonate solution and extracted with ethyl acetate. The organlc\fgyer is
1A81EreOMErs; 1Somer Ef[]: §

b
dried Over magnesitim Suiats, #ifBFet and evaporated. The crude product is purified by
chromatography over silica gel while eluting with 70/30 heptane/ethyl acetate mixture. TLC: Fr 0.25

(heptapm/ethy| acetate,RAER0).8: Al NMR-(CDC13): 3.99 (d, IH); 4.42 (d, 1H); 7.11 (br s, 1H); 7.49 (in,
3H); 7.64 (in, :8.10 (br s, 1H) LCMS: (Rt = 3.02 nun): 344- (M-CH20H-) Example 21:

2H): 7.94 (n, 2H ) S
4-12,5-Dioxon‘gﬁuygrg%é‘ﬂ@?%‘-’m%mwﬂ@(@- AStAVIEtER S Ed2olidin-1-yl-2-
trifluoronzethy - beALBriGE iMetiod AHStepd (2-4monols(3imethyphenyDathansng 183391 a
solution of I-(ﬁgm@ﬁ%@@ry@q@gnone (2 g) in ethyl ether (20 niL) is added bromine (726 ttL) at OC.
The mixture is treated with an aqueous solution of sodium bicarbonate, extracted with ethyl ether,

dried over magheg ﬁ@ﬁ?éfﬁéﬁ@%bﬁééﬁ%é%ﬁ%%wiﬂed on silica gel (ethyl acetate/cyclohexane
0/100) to give the desired compound. TLC: Fr = 0.42 (ethyl acetate/cyclohexane 10/90). NMR

(CDCI?)@ZZ;@ (s, Suyaﬁ,égﬂ(gatgﬂ);i AIQ{BM (n, 2H); 7.81-7.91 (in, 2H). LCMS: (Rt = 3.42 min): not
ionisable. Step 2: 2-hydrox -I43-metﬁy phenyOethanone [003401 A solution of

2-bromo-1-(3-hethyphéhifietisipikies ghvh-dce®iHiPR (9 BAL) and water (13 InL) is treated under

microwave iragiatiar (C26C):504nm)3 He samesesperisnent isapgates hegednmes. Alsthe Mgls are
collected, exgggt@d}\%ﬂk@&léﬂq%ied over magnesium sulfate and concentrated under vacuum to give
the desired compound. TLC: Fr = 0.15 (ethyl acetate/cyclohexane : 10/90). NMR (CDCI3): 2.47 (s,
3H); 460'% By RARmaE i MATEERAH:78 (n, 2H). WO 2010/029119PCT/EP2009/061733 Step

32-172-propenyloxi)inethylj-1-(3-tnethylphenyl)ethanone
Example 6:  4-[4-(2,5-Dioxo-d-fluorophenyl)-4d-hydroxymethyl-3-methylimidazolidin-I -pif-2-
trifluoromethylbenzonitrile (Method A)
Step 1: 1-(4-Fluorophenyl)-2-hydroxyethanone
[60279] 2 g of 2-bromo-1-(4-fluorophenyljethanone, and 6 eq of sodium formate in 15 mL of
Ethanol/Water are irradiated under microwave for 5 min at 150°C, 11 bars. After filtration and evaporation of
ethanol, water is added. The expected product is isolated by filtration
8 '"H NMR (DMSO Dg): 4.78 (s, 2H); 5.12 (m, 1H); 7,35 {1y, 2H); 8.00 (m, 2F).
LCMS: (Rt = 2.51 min): No ionization

Step 2: I-(4-Fluorophenyl)-2-(2-propenyloxyjethanone

[00280] 2.4 g of 1-(4-fluorophenyl)-2-hydroxyethanone obtained in Step 1, 10 mL of allyl bromide
and 9.4 g of CaSO; are mixed together under argon atmosphere. 6.2 g of Ag,O are added by portions for 1.5 h.
This mixture is stirred 3 h at rt, diluted with ethyl ether, filtered and the solvent is evaporated. The crude

product is purified by chromatography over silica gel while cluting with 90/10 heptane/ethyl acetate
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[00341] To a solution of 2-hydroxy-1-(3-methylphenyflethanone (1.95 g) in allyl bromide (10 inL) is
added calcium sulfate (7.9 g) and silver oxide (5.1 g). The mixture is stirred under argon and dark

during 2 hougs; Ihedpixiyre is diluted with ethyl acetate, filtered on celite, gegﬁ%ﬁ%@d purified on
silica gel (ethyl actetate/cyclohexane 0/100 to 15/85) to give the desired compoun Fr=0.54

(ethyl acetatelcyclohexane 30/70) 8 11-1 NMR (CDC13): 2.45 (s, 3H); 4.20 (d, 2H); 4.79 (s, 2H); 5.29
(d, 1H); 5.37.(d, 1 596604 m, 1H); 7.37-7.45 (m, le 7.75-7.79 (m, 2H). LCMS: (Rt = 3.30 min):
not io sgb %\&S(ﬁlﬁg) 6% ﬁ&yﬂrﬁ%ﬁy%@ﬂf b, thyiphesy ifmidazclitindde, SERichE [00342]
Toa sbﬁ)tl&ﬁ)(bffnz -Hpropenyloxy)methyl]-1-(3-methylphenyflethanone (690 mg) in ethanol (5 mL) and

water {Tijk) d ﬁtadggpng@te}%%nggg}pide (472 mg) and ammonium carbonate (2.44 0. The mixture is

refluxed overnight at 55C. The mixture is extracted with ethyl acetate, dried over magnesium sulfate
and concentrated under vacuum to give the desired compound. 6 1H NMR (CDC13): 2.41 (s, 3H);
3.78 (dyebH) M(Mlmw&m}zWY(BﬂapEnaﬁm;ahj)jiﬁuaaz(ﬁgsgag(m,5%6'5.94 (s, IN); 7.21-7.39 (m, 4H);

7. 61( CMS: t— 9
4- 125%?2)%(155-4 -(3- ml(e?hylp erﬁ&g @f)f pl% S??iy)?%e ﬁyr)nadaa%% idi biaglﬁi in Step 2, 121 g of

triflu oW@iﬁ%ﬁ%@ﬁI%ﬂf%4[é%34é]am@§m’tﬁﬁbpmte are hcated to 55 °C for 2 hours in 50 mL of a 30/50
4-[(2-prbpenyiawy)methy] hi@nnedyphemiimiderolidisre:2,bHianed ML AN added 3 times

4-bromgz21( 0 rggjezonl r|I 3 ma).in %I\;AA% ? en) ls adde: er (1) oxide (395 mg).
The ntlglgtu?rie%%?eﬁl%@ 3%)\{/%%@?1 At gé%lf‘heg%%& Gre SRR rz i gLé’fg) % %Ifﬁﬁ‘%@?gtgl%ashed

with aiBdesiipiedds %"I%ﬁ*ﬁ%Pﬁéll%}d’hé‘ﬁeéﬁdebﬁi?f@lﬁrﬁéf@#mdlevphasfédi@dm@dd@m drragresidmt sulfate,
concebtratsdRdeIs@oum Bnd, perifiedsau, sitigaugs! (ethylaceiate/qyplohexane G110 to-F04ag) to

give th dq% QBO&H, ds%é‘l%nz% '_B%fg?ﬁ}ﬁy ﬁg&éat yclohexane 30/70). 11INMR CDCI3)

2.44 (s, 3H); 380 (d 1H .30 (m, 2H); 5.83-5.90 (in, IH); 6.37 (s, IN);
7.26-1-53Gn(BFT)2-F3g817: 9 i8nistiyng 11 (s, 1H). LCMS: (Rt = 3.43 min): 428- (M-H)-. Step 6:
412,5-Dioxo-3-methy1-4-(3-methylpheny0-41(2- propenyloxy)methylflm|dazoI|d|n 1-y1J-2-

trifluor. | nitril 0 20 O 9PCT/E 09/0 733 003441 To a solution of
442 5%%%1 A Ez‘?gm%’é‘{ i %%”ﬁ")“fifl‘f?é dl chy¥oxy m? ﬁ'” déifo‘i firty -

trlfluofﬁﬁ’fﬁﬁﬁlﬁ’éﬂ%ﬁ?ﬁl@@zg mg) in DMF (1.5 mL) is added potassium carbonate (320 mg) and

methyjiadisy (480 pm Thednixturs tﬁzﬁ@r&ﬁ@'039*3QlHM%er%%QHf%%eY@ﬁQﬁQOMYHHeQ@%d@&%%cmd
with etthI acetp{e over I\//l/g(ﬁ 4 and concentratgd to give the desired compound. TLC 0.43

(ethyl ‘acetate/cydion eXé}ﬁéO HIMENERET RSy dagplidinery Taliogg)obtagped i %TFH’)34“134 (m,
2H); #4220 MH) O s mizugnis IRiapds 8B O Tofi A, odys. AT (enp ) 16 26X Tu RS i juldd )iwifLARs (k. 2H):;
310215(&1@595 §¥3|B53(§a kdths e x(%ﬁtcldiu@% B! deé?ltt'é)nfl@ d§!’%9v%-r is (\1]115{1 over sodium sulfate,
trlfluor'fgrﬁe):(t Vi enﬂr’c?rzutr 1’[%6&2[@% ?frd)ﬁggﬁtﬁ%%%ﬁgé% n?nllrargog?azf’%y ‘I"Fer%lh‘;ﬁ gel while eluting with

4-[2, 52 dRBtR S8ty tetie3-methylpheny1)-44(2-

prope&mmwmﬂlmﬂ@mwmfﬂ; wloamﬂggsomﬁtayl@ﬁwmtr&lel!@)%Mﬁﬁb L9 45 afdad:

trifluo nﬁldn:/n%té Sﬂ-llédf? &0 Qﬁlﬂ?&qﬁ.ﬁ )gl) he mlxture is stirred 4 hours at 1t, diluted WI'[)h DCM,
washed with an agle 1utio d of's b%d?i% I5ed over magnesium sulfate, concentrated
and phﬁﬁ”é‘d %Slﬁéﬁ wa) (&8Ryldddtate/cyclohexane 0/100 to 50/50) to give the desired compound.
TLC: Fr = 0.76 (ethyl acetate/cyclohexane: 50/50).

Step 5. 4-{2,5-Dioxo-4-(4-fluorophenyl)-3-methyl-4-, (2-propenyloxy)methyllimidazolidin-1-yI]-2-
trifluoromethyibenzonitrile

[60283] 325 mg of potassium carbonate and (.25 mL of iodomethane are added to a solution of 0.85 g
0 f 4-[2,5-dioxo-4-(4-fluorophenyi)-4-[(2-propenyloxy)methyl limidazolidin-1-y1}-2-
trifluoromethylbenzonitrile obtained in step 4, dissolved in 3 mL of DME. The mixture is stirred at rt for 4
hours under argon atmosphere, evaporated to dryness, diluted with water and brine and extracted with ethyl

acetate. The organic layer is dried over sodinm sulfate, filtered and evaporated to provide the desired product.
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'l-1 NMR (CDCI3): 2.44 (s, 3H); 3.09 (s, 3H); 4.17 (d, 1H); 4.72 (d, 1H); 7.17 (m, 2H); 7.28 ('m 1H);
7.39 (m, 111); 7.93 (d, 1H); 8.03 (d, 111); 8.18 (s, 111). LCMS: (Rt = 3.19 min): 372- (M-CH20H)-.
Example ZZ%éﬂTéwﬁlprophenyO-Z,5-dioxo-4-hydroxymethy|-3-methyli@@mg%gfdd%-z-
trifluorotnethylbenzonitrile [00346]Using the protocol described in Example 6, step 6, reacting 0.80g of
444-(2-chloropheny1)- 2,5-dioxo-3-methy1-44(2-propenyloxy)methyllimidazolidin-1-34]
-2-triflugromethylbenzonitrile yie ids the desired compound. SNMR (DMSO D6): 2.69 (s, 3H); 64.25 (m,
IH): 4.§6}%rﬁ}"{ﬁ)€%\.@%)(?%%;g%és®3(ﬁ?é 447 3B 201 HOBY M, (9HIB. 38601 1H): 3.8MS: 16t = 3.47
min). (382/884)HIM-OHROHI). BscampeiR3:00 (d, 1H); 8.12 (s, 1H), 8.33 (d, 1H).
111-(4-exae: -Lrﬁ!g@mgg%l&@g@xg-z,5-dioxo-3-methyl-4-phenylimidazolidin-4-ylIinethyl hydrogen
sulfate WO 2010/029119PCT1EP2009/061733 1003471A solution of 0.39 g of
413-methyl-4-hydroxymethy1-2,5-dioxo-4-phenylimidazolidin-1-5,11- 2-trifluoromethylbenzonitrile and
0.48 gSofrsul phiir ddunide~pyyidineptomipler @0t of pyedinedareiiuxed,for:18 hours then
evapo[gf;ﬁgrggzg[ Ssmkhg,.crude product is purified by chromatography over silica gel while eluting
with 90/10/1/1 DCM/methanoUacetic acid/water mixture. TLC: Fr = 0.25 (DCM/methanol/acetic
acidi¥3b/10/1/T%6 LH RIMIR (CDBBBY3.09 (KICH3Y; R-E9licto46: B3 ebnt M- Py (kh[(BH);
?i1?4(moé’dﬂ9’1<8tﬂaﬁléﬁiyiliﬂxﬁx)ﬁifﬁﬁﬂﬁi-9812:2&1_5&%&)&%%;(15&%%%@%@ﬁeli_%? is Arsoiqbiliseﬁ iz|1 g_ﬁﬂ_d
-(4-CV800r 3; e -2,5-diax0-3-methyl-4-phenylimidazolidin-4-ylinzet ihydrogen
phosphate Stglﬁ)glé?t[éi%%%%f}gﬁﬁ%ﬁrrz?/ u}gr%o(r)rf}%% viphenyl -151,%@%@06- ‘e fg‘?i-lzi?ﬁ’ﬁg%% ¢ mixiare
dazolitfiivead 2 midtryl thethyh sRUSHPh RS OOB 48T A ItRs ook, Botjden is added slowly, the product is
4-[3-methcied tiyid rexynaathiit-3:0aeio kg4l lirddaznlisi Salyd 2 uerevasthvterggnitie in 2

nth of pyridi of diethyl phosphate is stirred for 3 hour [t under argon atmosphere. The
mixtur@?igg‘gd ﬂlg#l%%%gd\%?{%ké m%aﬁgﬁ?ﬁoﬁ%%gﬁ eri‘cw%{cfclaci%tﬁn & Eﬁ)géfef%k %?ﬁ%ﬁe #@ther and ethyl ~
acetate. TR & (aM prbBdct &7 ghrfita 4B dhrorHtbgraphy Buer ¥ iioa ek Whfldral AEgIGRind/2H);
DCM/ethy{@aetate mixturs, Ti£g Fux 0.7 (4/1 DCM/ethyl acetate).  IH NMR (CD30D): 1.31 (q, 6H);
3.03 ( (B L5(12, 4H); 4, (2m, 2H); 7.45-7.55 (in, 5H); 8.06 (m, 1H); 8.15 (in, 213).
LCMSi:C(%JI;Q':(%%szE? Ay zéﬁ m&f&’ﬁb 2:[1
-(4-Cyano-3-trilluoromethylpheny1)-2,5-dioxo-3-niethyl-4-phenylimidazolidin-4-y1]nethyl dihydrogen
phosphatR0849]Undes-argaoMmaspiete:-d-Mh ol Rrameingihyaians isadded e a solution of
0.39gof 1- (4-cyant%-‘ -tgogglé {gg;ethx}gge@;l%gzéﬁgoxo-3-methyl-4-pheny limidazolidin-4-y | ] met hy
| diethyl phosphate 1 16" Ml of DERI"CO0fd 8T6C “The reaction is stirred for 1 hour at 0C then 18
hours at it The solvent is evaporated then the residue is dissolved in a mixture of water and ethanol.
Solvents are evaporated and this process repegtgghiwice. The crude product is purified by
chromatography over silica gel while eluting with 85/15/1/1 DCM/methanol/acetic acid/water mixture to

provide 0.25 g of white solid. After W%shing witfP& diethyl etherépentane mixﬁf?e, the desired &

compound.is ohtaiedcoon Caso (NH, ;€O 2,0 o
e ey o
c EtOHH,0 g 55-60°C

mstis i i
vBr Cl HN. _NH
EtOM H,O
MW 150°
" 50°C 11Bar - 28 \lof 4
Br
N///? \L o \\L o g
‘ﬁ\ ci £ - o o OH
o)
o 0 K,CO, 0 BF Me,S
o Cu, O Mel
[ N NH ———n N N~ e— N\{rN'\
BN NH DMAC T DMF Y CH,CI, i
. = o P Is) =
hid 60°C NF NZ N ¢
0
F7F F FTOF
s " e =

ab

Step 1: 1-(4-Chlorophenyl)-2-hydroxyethanone
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WO 2010/029119PCT/EP2009/061733 8 'FINMR (DMSO Ds): 2.90 (s, 3H); 4.58 and 4.70 (m, 2H);
7.49 (m, 5H); 8.04 (d, 1H); 8.20 (s, 1H); 8.35 (d, 1H). LCMS: (Rt = 2.46 min): 468- (M-H-). Example 25:
11-(4-Cyanopstsifi thylpheny1)-2,5-dioxo-3-methyl-4-phenylimidazolidim4-
yIIinethoxy-ﬁe%&?ﬁ%%gbutan-2-aminium chloride Step PCT/EP2009/061733
1:(2S)-2-[(1,]-Dirnethylethoxy9carbonylamino1-3-m e thylbutanoic acid [ I-(4-cyano-3-
trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-ylfinethyl ester [00350]A solution of
0.3 g of#285.- dioxol4ipeyhr oxstasetiny &3 mmisthyicd> phenytingidl azdlidimotiglf-(4-chlorophenyT)ethanone
2-triflugtametbythesz grithie, 0.2179g of (2S)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic

acid, O, of 4-dimethylamijn ridine and 0.3 g of
1-(3-dﬁnﬁﬁ%n%%g%g§§qf{%g;{ﬂﬁ%fgééléolosﬁ%il&Q;ﬂy%a LRI idehSFHIL of dichloromethane is stirred
for 18 h&0fs tRém potiratinty iaketieind extracted with ethyl acetate. The organic layer is dried over
magnesium sulfate, filtered and evaporated. The crude product is purified by chromatography over
silica gel while eluti ith 70/3Q heptane/ethyl acetate mixture to provide the desired compound. TLC:
Fr= 0%28” (?ef(f"#kfégﬁé\’l%éféf 'ﬁﬁ?@ﬁ?@?_)@ﬁéfﬁﬁf = 4.07 min): 489+ (M-tBUOCO+H+). Step 2:
[1-(4-CY8RRAB-rifludronetilyiphestyipl2, 55d BrasBimathylidpphenydimigazalicin-d-wimethoxs3=(4.-
methykhiexphilana2:a oI CIOfIdRL0R3m 11 2 ML of trifluoroacetic acid are added to a solution of
0.43 géo%@%g#hﬁb%n_e hylethox '%carbonylamino -3-methylbutanoic acid
[1-(4-cyano-3-tri uorome%ér%é}ﬁ’yi% 556k 3E mEHYe-APhéRYlintddardlidinugdimiaing ester in 20
mL of gibhio?efdetianc. The mixture is stirred at 25C for 2 hours then the solvent is evaporated to
dryness. The crude product is diluted with a saturated aqueous sodium bicarbonate solution and

extrach_?d \Ql_i'[{l dg% a}ce]tatel. The organic layer is dried over magnesium sulfate, filtered and
evaporated. {003 ¢ %P’Lfdé’%i%ﬁﬁﬁ’f)i@)@*é@&f@@é"i’ﬁ“‘i@éﬁﬁ”ﬁf dichloromethandethyl ether mixture

(5/95) 4688314 InL dfergMikydragen chlarideyselutionein ethyhatheris added; ﬁt@ﬁgj%@gggj@_ )
desireghsRmRAYIGHS. ORtaInad TG 5,042 (dichloromethane/methanol 95/5). BNMR (CD30D): 1.06
(m, 6%)%? 5‘§m 1H); 3.07 (d, 3H§{$1§ m, 1H); 4.75 (dd 1H); 4.88 (t; 1H); 7.58 (m, 5H); 8.19 (in,
2H); 872 Eﬁ%‘ #B%%ﬁé&‘ioéﬂé. {2480l M4, 2T 26 1010D91 S99 CIHEP20R9/0617,33
Exam pldt.261)1 1.37(4=CAan 6:3 thid] eono ety pheny&:2.&-digxo-3-methyl-4-phenylintidazolidin-4-

ylfinethexys4exohyiangic /g, [Q03531To a solution of 0.20 g of
443-methy1-4-hydroxymethy1-2,5-dioxo-4-phenylimidazolidin-1- y1]-2-trifluoromethylbenzonitrile in 3

inL of pyridine was added 6 mg of dimethylaminopyridine and 0.052 g of succinic anhydride. The

Mixturéds Stifvee far/12 hous/ tendvapol ated i.gryness: The.crudsmrqductis washed with water
and ewj@g%glm%gg%@e organic layer is dried over magnesium sulfate, filtered and evaporated.
The cr gg roduct is purified by chromatography over silica gel while eluting with 50/50

cyclot{g ?%/ethyl dtétatdifo piveatie HeBrempdompotsnds. reacting 1.4g of 4-(4-chlorophenyl)-d-(2-

propenyloxy)imidazolidine-2,5-dione yields the desired product.
1
6 H NMR (DMSO Dg): 3,71 (d, 1H); 4,05 (m, 2H); 4,15 (d, 1H); 5,13 (d, 1H); 5,21 (d, 1H); 5,85 (ddt, 1H);
7.53 (d, 2H); 7,68 (d, 2H); 7.98 (d, 1H); 8.10 (s, 1H); 8.31d, TH).
LCMS: (Rt=3.41 min): (448/450)- (M-H-)

Step 5: #-[4-(4-Chlorophenyl)-2, 5-dioxo-3-methyl-4-/, (2-propenyloxyimethyllimidazolidin-1-y]-2-
trifluoromethylbenzonitrile

160289] Using the protocol of Example 6, step 5, reacting 0.50 g of 4-[4-(4-chlorophenyl)-2,5-diox o~
4-{(2-propenyloxy)methyl]imidazohdin-1-y1] -2-trifluoromethylbenzonitrile vields the desired product.

& 'H NMR (DMSQ Dg): 2.87(s, 3H); 4,10 (m, 2H); 4.18 (d, 1H); 4,40 (4, 1H); 5,15 {d, 1H); 5,21 (d, 1H); 5,88
(ddt, 1H); 7,54 (m, 4H); 8.00 (d, 1H); 8.12 (s, 1H); 8.33(d, 1H).

LCMS: (Rt = 3.57 min): No ionization

48



TLC: Fr = 0.17 (cyclohexane/ethyl acetate 50/50) 6 1H NMR (CDCI3): 2.67-2.72 (m, 4H); 3.02 (s, 3H);
4.92 (d, 1H); 5.03 (d, 1H); 7.39 (m, 2H); 7.53 (in, 314); 7.96 (d, IH); 8.04 (dd, I111); 8.18 (d, 1H). LCMS:
(Rt = 3.49 mipg 338uiMi51-CH20-C4H400. Example 27:
(S)-ll1-(4-Cyano-3-trif|uoromethylphenyl)-z,5-dioxo-3-methyl-4-phenylimigg%ﬁﬁﬁ?ﬂ%}(ﬁmﬁethyl
dihydrogen phosphate Step | : (S
)11-(4-Cyano-3-trifluoromethylpheny0-2,5-dimo-3-methyl-4-phenylimidazolidin-4-ylimethyl diethyl
phospt‘?éefé [00354] K'solution Of{fz(@@f!orophefajfy-Q,5~dioxo~4-hydroxymethyl-3mmethylimidazolidin»]-yi] ~2-
(S)-4-[Birhetayledsiiyaitoxyntethy 1-2,5-dioxo-4-phenylimidazolidin-I- y1]-2-trifluoromethylbenzonitrile in
6 mL ofggytigine and,0.6 inL of die hlorophosphate is stirred for 48 hours at room temperature
underogrgonﬁlfatmoss%élﬁ ! %Iﬁﬁéortﬁff:ﬂ%g |’§35]8%?1%ﬁ§8 itk IReue st Hydrsehiricadidandastiacted
with etRiatétterPrrdrrdanstadiieidszpistificcytiy orifomatoghaiby-onvetlsiliorgak whilesling with
1/1 heptansietybresetase:midure. sEhCa b7 mOa(Mdhapaneisiby] acgtate), 6 THLNMR (GDCA3):
1.45 (.6 )?1%)7§ Igfl nl;%s.lo (s, 3H); 4.13 (mi:g4H’); 2%’5%5’11’4)3;%055(;%11%‘3: ?@%(ﬁ%éfﬁ%’?.ﬂ
(m, 314); 7.95 @, iﬁi’ .0°(dd, 1H); 8.13 (sl, 1H). LCMS: (Rt = 4,66 mm): 526+ (MH+). [a]0 = - 44.8 (c
= 1 9% HEIR) (BStep B p0): (392/394)- (M-CH,0H-) ,
)11-(4-Cyano-3-trilluoromethylpheny1)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-ylfinethyi dihydrogen
phosp ) 2010/029119PC I/EP2009/061733 [00355]Under argon atmosphere, 2.5 mL of
bromo%?r&r?’é%wy?’siIar%géfgggggglléﬁ%gamggﬁﬂ% Bro S Gesymethyl-3-(2-propynylimidazolidin-1-yij-2-
(S)-[1-(4-cyano-3-trififsrsmetiyiptusenitie 5-dioxo-3-methyl-4-phenylimidazolidin-4-ylJmethyldiethyl
phosphate in 25 inL of DCM cooled at OC. The reaction is stirred for 1 hour at OC then 18 hours at
room tgmpera r@D;I;QW?_%I{v nt is Fvaé)or ed then the residue is dissolved in a mixture of water and
methanal. Solvénts are evé"g%?éﬂ%ff BHd TS BpERE et iesomre éridiedfirbeiotis purified by
chrom&ggyapeydhereiiedagel while eluting with 90/10/1/1 to 85/15/2/2
dichlofomethane/methangl/acgtigagid/water mijxire tg proyide the desired ound. TLC: Fr=0.12
(85/15/2/2 dichloromethanc/methanol/acetic acid/wategr). i .Nl\/_lﬁfcgéé‘ﬁf)):%%%%ﬁﬁ SY-569 (n,
2H); 3375 %’ﬁ(}?*ﬁ. (R A9) IR il sinatdy Seraenitile); i Soiet BMF, 806 mpDi)e8i@1 (in,
IH). LENPS(Rene 9. B@ubnivl)peb P gy Ithbtitie ) S ADssutidd 6 (61edo DE%adait@Hn EXRNNE 28 red at 1t
(S)-1 s Gaiaoondelr iluorampiiuiphamyd Zoz-fioxe dngetvl--ahenvlimidazolidin-4-
yIImeth%}{f-?)%obutartloic acid 00356170 a solutioir)1 Of 6%1 18%156 ?wmaquuon in toluene) is added
(S)-443 mEthy L 4 hydroxs ety 20t ERE AR SRR SR Yafad fuiseome thytivexd zeiitrile in
24 mleBYisyridine Thagr gadet o imbief dimetiiylamimopyiidieesandixahgof succinic anhydride. The
mixturegggatjrred atrhlQe for ( AoUrs thenxeyaporated to dryness. The crude product is washed with
water,and e t%(;‘lted with dicﬁlorometh%%}ﬁa&ﬂl. Th é:rgglﬁi%o%a }}Yisoarcr:fesd%%e%e B Sitnes k! Filtered
and ev?p%lreatee 'K ude product is purified by chromatography over silica gel while eluting with
50/50%h&EphEniB/avAcalatel fo(give thieodlasizaghcompound.4lde; k=0 g{d,(qgcg{og)@(@{]q%@g!ﬁcetate
S0/500dt, 1H); 7.30 (m, 2H): 7,60 (m, 2H); 8.00 (d, 1H); 8.12 (5, 1H): 8.33(d, 1H),

LCMS: (Rt = 3,46 min): No jonization

Step 2: 4-f 4—(4—Fluoropizenyl)—2,5—dioxo—4-hydroxymethyln3—(Z-pmpyny!).imidazolz’dm-]wy[]—Z—
trifluoromethylbenzoniirile

[06293] .45 g of 4-[2_,5—dioxo~4-(4wﬂuorophcnyf)-éi—[(2~propsnylox.y)methyl]-3—(2-
propynyl)imidazolidin-1-yI]-2-trifluoromethyibenzonitrile obtained in step 1 is dissolved in 5 mL of DCM
under argon atmosphere. 0.2 ml, of trifluoroborane-dimethylsulfide complex is added. The mixture is stirred
at rt for 18 hours. A saturated aqueous sodium bicarbonate solution 1s slowly added. The product is extracted
with DCM and the organic layer is dried over sodium sulfate, filtered and evaporated. The crude product is

purified by chromatography over silica gel while eluting with 6/1 DCM/ethyl acetate.
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6 'FINMR (CDC13): 2.67-2.74 (in, 4H); 3.02 (s, 3H); 4.92 (d, 1H); 5.03 (d, 1H); 7.38 (in, 2H); 7.52 (in,
3H); 7.96 (d, 1H); 8.04 (dd, IH); 8.18 (d, 1H). LCMS: (Rt = 3.22 min): 358- (M-H-CH20-C4-1403).
Example 290 2010/029119 PCT/EP2069/061733
(S)-((S)-1-(4-Cyano-3-(trifluoromethyOpheny1)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-
yl)methyl-3-methylbutanoate-2-ammonium chloride Step | : (2S

)-21(1,1-Diniethyl .Q)carbonylaminol-3-i Ibutandjcacid($)111-(4-cyano-3- )
trilluor%rr%%p?é%gﬁggi io@o(- m£m®i%4%%sgn\@ﬁtrﬁ?d$ I%?n@klﬁ‘?e@ﬁ%% t&P fd@“;‘s%ﬂ&%ﬁﬁlnon of
0.45 gl ohy(S3u4 215 feXoid - [Rydroxymethyl)-3-methyl-4-phenylimidazolidin-
1-y1]-2¢nitkiQremethyibenzonitiie: R 33.g of
(2S)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic WO 2010/029119PCT/EP2009/061733
acid, 0.185 g of 4-dimethylamino pyridine and 0.45 g of | -(3-dimethylaminopropyl)-3-ethykarbodiimide
hydroéhioriele n 704i-Gf Chérarbmditahdiiatripd darieHols thetgiovdechlisio-Jrplie?-and extracted

with ethyl acetate. T%gpgﬁ%,}g,\éﬁgjﬁﬁfj@%ﬁﬂ@gnesium sulfate, filtered and evaporated. The
crudeﬁro U?trés?hliri'ieg b‘}/ c?ggw‘atqg aphy over silica gel while eluting with 70/30 heptane/ethyl
acetate Fhixt(ife {6 SroRIEE the H&LTrad %lr‘?{%ound. TLC: Fr = 0.20 (heptane/ethyl acetate 70/30). 6 '11
NMR (GE&4]3): 0.8Y k1@ 9oiRd] GHEsatndle §s5taH); 2a08nfin, A6 02(s] -BHhldc@dhdin] dtneho3 (in,
2H); 50461k Wbl - 3840, 2H); 7.52 (in, 3H); 7.96 (d, 1H); 8.04 (dl, IH); 8.15 (sl, 1H). LCMS: (Rt =

3.90 min): 489+1§9'|\v/|1t-st UOCQO+H+). =-54.7 (¢ = 1.25 % Et.OH). Step 2:

(S)-(lﬁ(f-gé‘%ﬁé- SRRy R Ay D) 3 SE ks Serhidthyi! ﬁﬂhﬁ?& HideL SRid- 23y thary-3-

methyl-{-Birbiten22@mmixe chileride [00358]3 niL of trifluoroacetic acid are added to a solution of 0.65

g of (2S)-21(1,1- dimethylethoxy)carbonylamino]-3-methylbutanoic acid

(S)41-(4-c ano-34rif|uoromethylphenyl)-z,5-diox03-methyl-4-phenylimidazolidin-4-yl]methyl ester in

30 mLSBP dichidr GRS il iiRRare 7 4B St room temperature for 5 hours, 20 niL of toluene

are addéa%sien the Sohgenids puaporaié desadpymess stthelcrudetprodutt ¢s ol utesl-skithopiraitrated

aq“e%%?%%hﬁh&ig?m%ﬁ%ed?ﬁl%i81% And extracted with ethyl acetate. The organic layer is dried over
[

magnesium sulfate, filtered and evaporated. The crude product is dissolved in 120 ml, of
dich|o?oﬁ%é@4§r(é?%ﬁ9|%ﬁhér%&fu%@%fb?§@= AHd D541 B 2y d by el chiBritdsbfiftibn ihsethyl
ether is7addednAftes filtrationsthie, desired compound is obtained TLC: Fr=0.2
(dichloromethane/methanol 95/5). 6 '14 NMR (CD30D): 1.07 and 1.10 (2d, GH); 2.26 (in, 1H); 3.07 (s,
3H); 4.11 (d, | H); 5.22 and 5.36 (2d, 2H); 7.58 (in, 5H); 8.19 (AB, 2H); 8.25 (sl, 1H). [a]n = - 46.7 (c =
1.08%3:5@ i _(Eggﬁ"ﬁ@%l_)—4—(2—pr0penyioxy)imidazo!z’dine—2,S-dz'one

412, 5{8epes14-hydroxysmethy badaeethyl-4-phemylimistaz olidirakyls2 1mmetharybenzapitileStep-(2-
4-12,5-rligijo]>1(q-oé)1(-f)1é4[gro(>)<1 em%EQ¥¥B4-£)6QFQ(}/I;;QEQQZOIidin-I-yII-2-inethoxybenzonitrile [00359]A solution of
384 mpgle)fe Zficygno- -methoxyp enyT Isocyanate (prepared according to WO 2007/137874) in 8 mL
dioxare isMdBEBYE>Q Sulutiort 6F 200 M éf-2 Ry drbXdrasthy4s-sie iy R 2rddprdbardt(ddicbrlling to
literaturesprQeedurepiganmBguesus sojution©f iH8 nilsiM spgium hydroxyde in 2 mL of water. The
mixtureAs,stirred om t erature overnight, acidified by adding 3 ml. 12N HCI and heated at
110C ]f?)dﬁggh ﬁl?@?‘h?%ngl Ilﬁ%ﬁ)lflsz% \en treated with a saturated aqueous solution of sodium
bicarbonate,

S e p 4 4-[4-(3-Chlorophenyl)-2,5-dioxo-4-{ (2-propenyloxy)methyl]imidazolidin-1-y1]-2-
trifluoromethylbenzonitrile

[60297] Using the protocol of Example 6, step 4, reacting 1.0 g of 4-(3-chlorophenyl)-4-{2-
propenyloxy)imidazolidine-2,5-dione yields the desired product.

& '"H NMR (DMSO Dg): 3.72 (d, 1H); 4.05 (m, 2H); 4.18 (d, 1H); 5.13 (d, 1H); 5.21 (d, 1H); 5.85 (ddt, 1H);
7.50 {m, 2H); 7.62 (m, 1H); 7.70 (s, 1H); 7.98 {d, 1H); 8.10 (s, 1H); 8.32 {d, 1H); 9.12 (s, 1H).

LCMS: (Rt = 3.41 min): (448/450)- (M-H-)
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WO 2010/029119PCT/EP2009/061733 extracted with ethyl acetate, dried over sulfate magnesium,
filtered, evaporated and purified over silica gel while eluting with 60/40 heptane/ethyl acetate mixture
to give the expestedpiesuct. TLC: Fr = 0.30 (heptane/ethyl acetate 50/5@¢pFiodtMER 163DC13): 3.98
(s, 3H); 4.06 and 4.40 (2d, 2H); 6.07 (bs, 1H); 7.23 (ni, 2H); 7.51 (m 3H); 7.66 (ni, 3H). LCMS: (Rt =
5.44 min): 306- (M-CH20OH)-. Step 2:

4-12,5-Dioxo-4-hydroxymeth ]}-3- eth 14-%enylinzid olidin-l-y11-2-methoxybenzonitrile
1003601473 fr potaddili SAIBBRATE drie SA e TbAHE EFeSHER (6 L ABERER A 1 -
[2,5-diotatergdndrenaratn/d -4-phenylimidazolidin- 1-y11-2-methoxybenzonitrile in 2 niL DMF. The
midtuigaadTed OMSIRIONE atRGH JFRBRIAL S evaRaLaed 4 AIest g Gelflug Indakan,n water

and extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered,
evapodraf@&"aHﬁ%ﬁ?fﬁ@ﬁ%ﬁ{%’&f&lp%éahéwé’r@ﬁr&aﬁgfé%ﬂ?ﬂ%@iﬁﬁ?@%ﬁ# 70190 bediie Rty acetate
mixture 't Ya tDeExpbeted. §i ¢ ieL);6+ 16 MR ADCLB) 53400 (8, BH);BLOT(SFBH),24.47 1ahd 4.72
(2d, 2HYo7 \ vl 49r(n, 480, (531 666 fnby). 5 (Rt 57 D64 mm): not ion sable.
Exam%ﬁgéﬁ?’(é@i? gaé,l( ﬁ:%fé?b%r@n% %@%r@%}%%ﬁé&gﬁﬁetlh%y%%%gie%@ﬂraf?i@zolidine-2,5-dione
step L(¥P1034-DitHor8pRERTTURYG RSy 1-4-phenylimidazolidine-2,5-dione [003611217 mg
of (S)-2-hydroxymethyl-z-_phenylgchine (prepared accqrding to A.lea, Polish J. Chem., 70, (1996),
1442-3447) are dissojved in S, o1 Oy N AGKSNS. spelum, Ysioxine, 300msla.n dichipropheny!

isocyanate dissolved in 5 niL dioxan are slowly added over 10 min thén the mixture is stirred for 1 h,
the pHE4FBTIREPPE879" 8™ ml. of 0.5 N aqueous sodium hydroxide are added to make the pH alkaline

thgn BEM)MQ} of 3,41dithldrophenyl isteyanate dissalyaddind oo gieﬂama(mcafllewiyn_@ddemagaim T_h(_e
mixture 5. aired o furihen owt atroampmpsiatuie e Aathhusioshioric agid is addadfo,pcidie

pH and the mixture Is heated for I h at reflux temperature. The dioxan Is remdved by evaporation
underRFagistim, the aqueous phase is extracted with ethyl acetate. The extracts are washed with brine,

dried ever marnesiD): Sulkate any evapotaladrioddrynessHT, retresidur)isyarified oy e siliea ge); while
elutin% %tﬁ\; a]zlg adient mixture from heptane to pure ethyl acetate to provide expected product. [alp = -
13.3 (c'= 1,02%, MeOH). Step 2: (S)-1-(3,4-Dichloropheny0-4-hydroxyn :
ethyllscmtrﬁ%?@%éﬁ%ﬁ%ﬁi%%%)d%@%dne WO 2010/029119PCT/EP2009/061733 [00362]150
mg of (8)-1-(3,42Dichloropheny1)-4-hydroxymethyl-4-phenylimidazolidine-2,5-dionc are dissolved in 5

mL of dimethylformainidc then 165,.mq of potassium, carbonate are added followed by 137 nL of
il S el b s e

| oV m temperdture then it is In a mixture of
water and ethyl acdtétaerprethbetaspitase is ektractell with/étfliawefhedrrraedrbétysbendashed
with brine, dried O\ yragnesiim-sylfata-gndevwaparatachiordiyness. The residue is purified over
silica gel while eluting with a gradient mixture from heptane to pure ethyl acetate to provide the
expected product. 6'H NMR (CDC13): 3.04 (s, 3H); 4.11 and 4.65 (2d, 2H); 7.37 (m, 3H); 7.51 (m, 4H):
7.66 (H0039¢] LCcMmSTiRee gramipmay Sk366koptiRydBa sy (vmetipbophpmdmiggzelitind (/025 9,
EtOH)2[00R6alnlable k- RepnesentahiveicoBInapas 05RBHNVERIOR ¢ sample of the racemic mixture

obtained in Example 1 on Chiralcel OD (L.C50 Prochrom column) while eluting with a 75/25 heptane /

isopropanol mixture.

100301] The (5) enantiomer is cluted first. By evaporating the solvent, the desired compound is

obtained.

falp =-40.8° (¢ =1 %, EtOH).

HPLC: Chiralcel OD, column 250 x 4.6 mun, heptane/isopropanol 75/25, flow rate T mL/min, Rt: 9.01 min.

[06302] The (R} enantiomer is eluted second. A further purification in the same conditions followed
by evaporating the solvent provides the desired compound.

[op = +41.1° (¢ =1 %, EtOH).

HPLC: Chiralcel OD, column 250 x 4.6 mm, heptane/isopropanol 75/25, flow rate [ mL/min, Rt: 13.24 min,
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ID Structure Name Calc'd MW HO le N 442,5-Dioxo=-_4-(hydrc_)x_ymethyl)-3-
methy1-4-phenylimidazolidin-1 -y11- 2-trifluoromethylbenzonitrile 389.3 */ 2 HO O N IPO NF FF

4[2,5-Dioxo-ddbshyshspypropyl)- 3-methyl-4- phenyllmldazolldln -1 -yl]- Zﬁéﬂr%gprgﬁr&e/zég 7I{g)senzonltrlle
Isomer A

Alternative route:
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[0603063] Following the same route as described for Example 1 depicted in Scheme 3, purification can
be carried out on the “n-1 intermediate”, to obtain the compounds from Example 10 and 11 after deprotection
using a chiralpakAD® column (250 x 4.6 mm), using a mixture of supercritical CO, / MeCN / iPrOH (90/5/
5) at 40°C, under 100bars, followed by removal of the protecting group according to known procedures (see
ref 10).

Example 12; 4—[2,5—Di0x0-3—ethyl—4—hydraxymethyl»-4—phenylimidazolidin-l-—yl]-z-
trifluoromethylbenzonitrile (Method A)

Step 1: 4-[2,5-Dioxo-3-ethyl-d-phenyi-4-[i (2-propenyloxy)methyljimidazolidin-1-yi]-2-
irifluoromethylbenzonitrile

[60304] The procedure of Example 1, Step 1 applied to 0.23 g of 4-2,5-dioxo-4-phenyl-4-[(2-
propenyloxy)methyi}imidazolidin—1—yl}-2-triﬂuoromethyibenzonitriie with 0.18 mL of iodoethane provides
the desired compound.

LCMS : (Rt =3.20 min): 444+ (MH+)

Step 2: 4-[2,5-Dioxo-3-ethyl-4-hydroxymethyl-4-phenvlimidazolidin-1 VIf-2-trifluoromethylbenzonitrile
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417.4 ID Structure Name Calc'd MW 3 HO# O N 111 OF NF F.4-[2,5-Dioxo-4-(l -hydroxypropyD-
3-methyl-4-phenylimidazolidin-1- y1]-2-trifluoromethylbenzonitrile Isomer B 417.4 HO . 0

4-[2,5-Dioxowd dofaxdsgyyethyl)-3- 2-trffluoromethylbenzonitrile Isomer A PCT/EP2009/061733

[00365) 0.2 g of 4—[Z,S—dioxo-S—ethyl—4«phenyl—4~«{(2—propenyloxy)methyl]irnidazolidin—i-yl] -2-
trifluoromethylbenzonitrile is treated with 0.2 mL of trifluoroborane-dimethylsulfide complex as described in
Example 3, Step 2, to provide the desired compound.

TLC : Fr = 0.35 (heptane/ethyl acetate 20/10)

8 'H NMR (DMSO Ds): 1.05 (1, 3H); 3.32 (q, 2H); 4.22 and 4.40 (2m, 2H); 5.62 (t, 1H); 7.4-7.5 (m, 5H); 8.08
{d, TH}; 8.20 (s, 1H); 8.33 (d, 1H).

LCMS: (Rt = 3.81 min): 372- (M-CH,0H-)

Example 13: 4-[4-(4-C32an0phenyl)-2,5—dioxo~4—lzydmxymetizjrf-3-methylimidazolidin-—!~yl]~2—
trifluoromethyl-benzonitrile (Method A)

Step 1: 4-(2-Hydroxyacetyl)benzonitrile

100306] A solution of 1 g of 4-(2-bromoacetyl)benzonitrile in acetonitrile (5 mL) and water (10 mL) is
treated under microwave irradiation (125°C, 30 min}. The same experiment is conducted five times. All the
vials are collected, extracted with ethyl ether, dried over magnesium sulfate and concentrated under vacuum to
give the desired compound.

[00367] TLC: Fr=0.15 (ethyl acetate/cyclohexane 30/70)

3 '"H NMR (CDCL): 4.94 (s, 2H); 7.85-7.87 (dd, 2H); 8.05-8.07 (dd, 2H)

LCMS: (Rt = 2.40 min): Not ionisable

Step 2: 4-[2-(2-Propenyloxy)acetyl] benzonitrile

[¢6308] To a solution of 2.7 g of 4-(2-hydroxyacetyl)benzonitrile in allyl bromide (15 mL) is added
10.2 g calcium sulfate and 6.7 g of silver oxide. The mixture is stirred under argon and in the dark for 2 hours.
The mixture is diluted with AcOEL, filtered on celite, concentrated and purified on silica gel (ethyl
acetate/cyclohexane : 0/100 to 50/50) to give the desired compound.

TLC: Fr = 0.38 (ethyl acetate/cyclohexane 40/60)

& "H NMR (CDCL): 4.01 {d, 2H}; 4.57 (s, 2H); 5.13 (d, 1H); 5.22 (s, 1H); 5.73-5.86 (m, TH); 7.64 (4, 2H);
7.91{d, 2H)

LCMS: (Rt = 3.05 min): Not ionisable

[00309] Step 3: 4-{2,5-Dioxo-4-/, (2-propenyloxy)methyl]imidazolidin-4-vl]benzonitrile To a solution

of 500 mg of 4-[2-(2-propenyloxy)acetyi|benzonitrile (in EtOH (5 mL) and water (5 mL) is added 324 mg

potassium cyanide and 1.67 g of ammonium carbonate. The mixture is refluxed overnight at 55°C. The
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403.4 44 N-110. FNFF 5HOIIKON7\FF F 442,5-Dioxo-z_l-(l-hydroxyethyl)-3-
methyl-4-phenylimidazolidin-1-y11- 2-trifluoromethylbenzonitrile Isomer B 403.4 6 OH.

4-[2,5-Dioxowd 4uflypsopenyl)-4- (hydroxytnethyl)-3- methylimidazolidin-1y11-2- =

mixture is extracted with ethyl acetate, dried over magnesium sulfate and concentrated under vacuum to give
the desired compound.

TLC: Fr= 0.16 (ethyl acetate/cyclohexane 30/70)

8 'H NMR (CD0D): 3.45 (d, 1H); 3.86 (m, 3H); 4.95 (d, 1H); 5.06 (dd, 1H): 5.60-5.73 (m, 1H); 7.58 (s, 4H)
LCMS: (Rt = 2.77 min): 270- (M-H)-

St e p 4 4-[4-(4-Cvanophenyl)-2,5-dioxo-4-f (2-propenyloxy)methyl]imidazolidin-1-yI]-2-
trifluoromethylbenzonitrile

[0G310] To a solution of 675 mg of 4-[2,5-dioxo-4-[(2-propenyloxy)methyl]imidazolidin-4-
vl]benzonitrile and 622 mg of 4-bromo-2-trifluoromethylbenzonitrile in DMAC (2.5 mL) 214 mg of copper
(I} oxide is added. The mixture is refluxed overnight at 130°C. The mixture is concentrated, taken in DCM,
washed with a 10 % aqueous ammonia solution and brine. The organic phase i3 dried over magnesium sulfate,
concentrated under vacuum and purified on silica gel (ethy] acetate/cyclohexane: 0/100 to 50/50) to give the
desired compound.

TLC: Fr = 0.48 (cthyl acetate/cyclohexane 50/50)

§ 'H NMR (CDCL): 3.85 (d, 1H); 4.09-4.19 (m, 3H); 5.25-5.31 (m, 2H); 5.80-5.87 (m, 1H); 6.07 {5, 1H};
7.79-7.84 (s, 4H); 7.95 (s, 2H); 8.07 (s, 1H)

LCMS: (Rt = 3.29 min): 439- (M-H)-

Step 5. 4 4-(4-Cyanophenyl)-2, 5-dioxo-3-methyl-4-/, (2-propenyloxyimethyllimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[00311] To a  solution of 4359 mg of  4-[4-(4-cyanophenyl)-2,5-dioxo-4-[(2-
propcnyloxy}methyi}imidazolidin«1-yI]~2—triﬂuoromc‘r,hy1banzonitrile obtained in Step 4 in DMF (1.5 mL),
173 mg of potassium carbonate and 130 pL of methyliodide are added. The mixture is stirred 3 hours at rt,
cvaporated, washed with brine, extracted with ethyl acetate, dried over magnesium sulfate and concentrated to
give the desired compound.

TLC: Fr = 0.54 (ethyl acetate/cyclohexane 50/50)

& 'H NMR (CDCL): 3.09 (s, 3H); 3.95 (d, TH); 4.14 (m, 2F); 4.39 (d, 1H); 5.28-5.34 (m, 2H); 5.84-5.91 (m,
1H); 7.57 (d, 2H); 7.80 (d, 2H), 7.95 (s, 2H), 8.10 (s, 1H)

LCMS: (Rt = 3.81 min):: Not ionisable

St e p 6 4~[4—(4—Cyanopheny!)—2,5~dioxo—4—}zydroxyn-zethyl~3—melkylimidazo[idz'n—1-yl]-2-

trifluoromethylbenzonitrile
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trifluoromethylbenzonitrile 407.3 N 11, N /p ID Structure Name Calc-'d _IVIW 7 _ CIHO110
N 111 // F NF 444-(4-Chlorophenyl)-2,5-dioxo-4- hydroxymehy1-3-methyl- imidazolidin-1-y1)-2-

trifluoromethylgenzonitiie PCT/EP2009/061733

[0¢312] To a solution of 433 mg of 4-[4-{4-cyanophenyl)-2,5-dioxo-3-methyl-4-[(2-
propenyloxy)methyl]imidazolidin-1-ylj-2-trifluoromethylbenzonitrile obtained in Step 5 in DCM (5 mL), 600
uL of boron trifluoride-dimethyl sulfide complex is added. The mixture is stirred & hours at rt, diluted with
DCM, washed with an aqueous solution of sodium bicarbonate, dried over magnesium sulfate, concentrated
and purified on silica gel (ethy! acetate/cyclohexane: 0/100 to 50/ 50) to give the desired compound.

TLC: Fr =0.10 {ethyl acetate/cyclchexane 30/70)

8 'H NMR (CDCl): 3.14 (s, 3H); 4.16 (d, 1H); 4.73 (d, 1H); 7.57 (d, 2H); 7.82 {d, 2H), 7.93-8.00 (m, 2H),
8.13 (s, 1H)

LCMS: (Rt = 3,05 min): 383~ (M-CH,OH)-

Example 14: 4—[4—-(3-—Cyanophenyl)-Z,5-dioxo~—4-h3}droxymethy[-,?-methylimidazolidin-l-yl]-}-
trifluoromethyl-benzonitrile (Method A)

Step 1: 3-(2-Hydroxyaceivl)benzonitrile

[00313] A solution of 776 mg of 3-(2-bromoacetyl)benzonitrile in acetonitrile (5 mL) and water (10
mL) is treated under microwave irradiation (125°C, 50 min). The same experiment is realized a second time
with 976 mg. All the vials are collected, extracted with ethyl ether, dried over magnesium sulfate and
concentrated under vacuum to give the desired compound.

TLC: Fr = 0.38 (cthyl acetate/cyclohexane 30/70)

8 '"H NMR (CDCL): 4.94 (s, ZH); 7.71 (t, 1H); 7.95 (d, 1H); 8.18 (d, 1H); 8.25 (s, 1H)

Step 2: 3-[(2-(2-Propenyloxyjacetvi] benzonitrile

[00314] To a solution of 1.08 g of 3-(2-hydroxyacetyl)benzonitrile in allyl bromide (8 mL) 4 g of
calcium sulfate and 2.6 g of siver oxide are added. The mixture is stirred under argon and dark overnight. The
mixture is diluted with ethyl acetate, filtrated on celite, concentrated and purified on silica gel {ethyl
acetate/cyclohexane 0/100 to 30/70) to give the desired compound.,

TLC: Fr = 0.64 (cthyl acetate/cyclohexane 30/70)

3 '"H NMR (CDCl); 4.18 (d, 2H); 4.73 (s, 2H); 5.31 (d, 1H); 5.37 (d, 1H); 5.92-6.02 (m, 1H); 7.66 (1, 1H);
7.90 (d, 1H); 8.22 (d, 1H); 8.29 (s, 1H)

LCMS: (Rt = 3.04 min: Not jonisable

Step 3: 3-[2,5-Dioxo-4-{(2-propenyioxy)methyl] imidazolidin-4-yl] benzonitrile

[00315] To a solution of 450 mg of 3-[(2-(2-propenyloxy)acetyl]benzonitrile (in EtOH (5 mL) and

water (5 mL) 291 mg of potassium cyanide and ammonium carbonate are added. The mixture is refluxed one
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423.8 8 HO411 0 442,5-Dioxo-4-(4-fluorophenyl)-4- hydroxymethyl- 3-(2- . propynyflimidazolidin-1
-y1]-2- trifluoromethylbenzonitrile N .0 ,,, /FINF 9 Cl HO411414-(3-Chloropheny1)-2,5-dioxo-4-
hydroxymetiiyisgrinethyd- imidazolidin-1 -y1)-2- trifluoromethylbenzonitrilepé2 &8 Mb/061733

night at 55°C, The mixture is extracted with ethyl acetate, dried over magnesium sulfate and concentrated
under vacuum to give the desired compound.

TLC: Fr = 0.1 (ethyl acetate/cyclohexane 30/70)

8 'H NMR (CD;0D): 3.70 (d, 1H); 4.10-4.14 (m, 3H); 5.23 (d, 1H); 5.33 (d, 1H); 5.89-5.98 (m, 1H); 7.67 (4,
IH); 7.80 (d, 2H); 7.98-8.02 (m, 1H)

St e p 4 4-[4-(3-Cyanophenyl)-2,5-dioxo-4-[(2-propenvioxy)methyllimidazolidin-1-ylj-2-
trifluoromethylbenzonitrile

[60316] To a solution of 3579 mg of 3-[2,5-dioxo-4-[(2-propenyioxy)imethyl)imidazolidin-4-
ylbenzonitrile and 534 mg of 4-bromo-2-(trifluoromethyl)benzonitrile in DMAC (2.5 mL), 183 mg of copper
oxide are added. The mixture is refluxed overnight at 130°C. The mixture is concentrated, taken in DCM,
washed with a solution of 10 % aqueous ammonia solution and brine. The organic phase is dried over
magnesium suifate, concentrated under vacuum and purified on silica gel (ethyl acetate/cyclohexane (/100 to
50/50) to give the desired compound.

TLC: Fr = 0.3 (ethyl acetate/cyclohexane 50/50)

8 'H NMR (CDCly): 3.85 (d, 1H); 4.07-4.21 (m, 3H); 5.26-5.38 (1, 2H); 5.80-5.89 (m, 1H); 6.24 (s, 1H);
7.59-7.70 (m, 1H); 7.80(d, 1H); 7.94-8.19 (m, 5H)

LCMS: (Rt = 3.26 min): 439- (M-H)-

Step 5. 4-[4-(3-Cyanophenyl)-2, 5-dioxo-3-methyl-4-[ (2-propenyloxy)methylJimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

166317] To a solution of 358 mg  of  4-[4«(3-cyanophenyl)-2,5-dioxo-4-[{2-
propenyloxy)methyljimidazolidin-1-yl]-2-trifboromethylbenzonitrile in DMF (1.5 mL) 135 mg of potassium
carbonate and 101 pL of methyl iodide are added. The mixture is stirred during the night at room temperature,
evaporated, washed with brine, extracted with ethyl acetate, dried over magnesium sulfate and concentrated to
give the desired compound,

TLC: Fr = 0.58 (ethyl acetate/cyclohexane 50/50)

& 'H NMR (CDCls): 3.09 (s, 3H); 3.95 (d, 1H); 4.14 (m, 2H); 4.38 (d, 1H); 5.29-5.34 (mn, 2H); 5.84-5.91 (m,
1H); 7.63-7.79 (m, 4H); 7.96 (s, 2H); 8.11 (s, 1H)

LCMS: (Rt =3.81 min): Not ionisable

Step 6. 4-[4-(3-Cyanophenyl}-2,5-dioxo-4-hydroxymethyi-3-methylimidazolidin-1-yl]-2-trifluoromethyl-

benzonitrile
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#,,,/FNF 10 HO 10 O N o (S)- 4-[2,5-Dioxo-4- (hydroxymethyl)-3 -methyl-4-
phenylimidazolidin-l-y1]-2- trifluorornethylbenzonitrile 389.3 411 // N
WO 2016/629119 PCT/EP2009/661733

[60318] 328 ulL of trifluoroborane-dimethylsulfide complex are added o a solution of 354 mg of 4-/4-
(3-cyanophenyl)-2, 5-dioxo-3-methyl-4-{(2-propenyloxy)methylimidazolidin-1-yl] - 2-
trifluoromethylbenzonitrile {in DCM (5 mL. The mixture is stirred 6 hours at room temperature, diluted with
DCM, washed with an agueous solution of sodium bicarbonate, dried over magnesium sulfate, concentrated
and purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the desired compound.

TLC: Fr = 0.30 {ethyl acetate/cyclohexane 50/50)

§ 'H NMR (CDCl): 3.14 (s, 3H); 4.17 (m, 1H); 4.71 (d, 1H); 7.65-7.79 (m, 4H); 7.94-8.02 (m, 2H): 8.14 (s,
1H)

LCMS: (Rt = 3.04 min); 383- (M-CH,OH)-

Example 15: 42, 5-Dioxo-4-hydroxymethyl-3-methyl-d-(3-trifluoromethylphenyl)imidazolidin-1-yi]-2-
trifluoromethyl-benzonitrile (Method A)

Step I 1(3-Trifluoromethylphenyl)-2-hvdroxyvethanone

[60319] A solution of 2-bromo-1-{3-(trifluoromethyl)phenyljethanone (1 g) in acetonitrile (2.5 mL)
and water (10 mL) is treated under microwave irradiation (125°C, 50 min). The same experiment is repeated
five times, All the vials are collected, extracted with DCM, dried over magnesium sulfate and concentrated
under vacuum to give the desired compound.

3 'H NMR (CDCL): 4.96 (s, 2H); 7.70 (m, 1H); 7.93 (d, 1H); 8.14 (d, 1H), 8.22 (s, 1H)

Step 2: 2-[(2-Propenyloxy)methyl]-1(3-trifluoromethylphenyl)ethanone

[60326} To a solution of 1-(3-trifluoromethylphenyl)-2-hydroxyethanone (3.66 g) in aliyl bromide (20
mkl) is added calcium sulfate {10.9 g) and silver oxide (7.1 g). The mixture is stirred under argon and dark
during 2 hours. The mixture is diluted with ethyl acetate, filtered on celite, concentrated and purified on silica
gel (ethyl acetate/cyclohexane 0/100 to 15/85) to give the desired compound.

TLC: Fr = 0.79 (ethyl acetate/cyclohexane 30/50)

8 'H NMR (CDCL): 4.20 (m, 2H); 4.78 (s, 2H); 5.30 (d, 1H); 5.38 (d, 1H); 5.94-6.02 (m, 1H); 7.66 (1, 1H);
7.88 (d, 1HY; 8.18 (d, 1H), 8.25 (s, 1H) '

LCMS: (Rt = 3,53 nun): Not ionisable

Step 3: 4-[(2-Propenyloxy)methyvi]-4-(3-(irifluoromethyiphenvlimidazolidin-2, 5-dione

[00321] To a solution of 2-[(2-propenyloxyjmethyl]-1-(3-trifluoromethylphenyliethanone (1.17 g) in

EtOH (5 mL} and water {5 mL) is added potassium cyanide (624 mg) and ammonium carbonate (3.2 g). The
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ID Structure Name Calc'd MW 11 HO (R)- 412,5-Diox o -4- (hydroxym ethyl)-3-m ethy1-4- ph
enylimidazo lidin-1 -yl] -2- trifluoromethylb enzonitrile 389.3 11 N/ 12 lit HO ON-N

WO 2010/029119 PCT/EP2009/061733

mixture is refluxed overnight at 55°C. The mixture is extracted with ethyl acetate, dried over magnesivm
sulfate and concentrated under vacuum to give the desired compound,

TLC: Fr = 0.45 (ethyl acetate/cyclohexane 50/50)

8 'H NMR (CDCls): 3.80 (d, TH); 4.00-4.10 (m, 3H); 5.20-5.27 (m, 2H); 5.77-5.87 (m, 1H); 6.77 (s, 1H); 7.57
(t, 1H); 7.67 (d, 1H); 7.77-7.88 (m, 2H}, 8.56 (s, 1H)

LCMS: (Rt=3.19 min): 313- (M-H)-

Step 4 : 4-[25Dioxo-4-[(2-propenyloxyimethyl]-4-(3-trifluoromethylphenyl)-imidazolidin-1-yI]-2-
trifluoromethylbenzonitrile

[06322] To a solution of 4-[(2-propenyloxy)methyl]-4-(3-trifluoromethylphenyl)imidazolidin-2,5-
dione (1,45 g) and 4-bromo—2—(triﬂuoromethy§)ben20nitri}.e {1.15 g) in DMAC (7 ml.) is added copper oxide
{528 mg}. The mixtare is refluxed overnight at 130°C. The mixiure is concentrated, taken in ethy! acetate,
washed with a 10% aqueous ammonia solution and brine. The organic phase is dried over magnesium sulfate,
concenirated under vacuum and purified on silica gel (ethyl acetate/cyclohexane (/100 to 50/50) to give the
desired compound.

TLC: Fr = 0.69 (ethyl acetate/cyclohexane 50/50)

& '"H NMR (CDCls): 3.84 (d, 1H); 4.10 (m, 2H); 4.20 (d, 1H); 5.25-5.30-(m, 2H); 5.80-5.89 (m, 1H); 6.57 (s,
1H); 7.62-7.66 {1, 1H); 7.74 (d, 1H); 7.91-7.96 (m, 4H), 8.09 {5, 1H)

LCMS; (Rt = 3.535 min): 482- (M-H}-

Step 5: 4-[2.5-Dioxo-3-methyl-4-[(2-propenyloxyimethyl]-4-(3-triffucromethylphenyljimidazolidin-1-yl]-2-
trifluoromethylbenzonitrile

[60G323] To a solution of 814 mg of 4-[2,5—di0x0~4«[(2»pr{}penyiexy)methyﬂ-4-(3-
trifluoromethylphenyl)imidazolidin-1-yI]-2-trifluoromethylbenzonitrile in DMF (1.5 mL) is added potassium
carbonate (279 mg) and methyliodide {420 pL). The mixture is stirred 5 hours at room temperature,
evaporated, washed with brine, extracted with ethyl acetate, dried over magnesium sulfate and concentrated to
give th.e desired compound.

TL.C: Fr = (.39 {(ethyl acetate/cyclohexane 30/70)

& 'H NMR (CDCly): 3.09 (s, 3H); 3.98 (d, 1H}; 4.14-4.19 (m, 2H): 4.42 (d, 1H); 5.28-5.34 (m, 2H); 5.85-5.92
{m, 1H}); 7.64-7.68 (m, 3H); 7.75 (d, 1H); 7.93-8.00 (m, 2H), 8.12 (s, 1H)

LCMS: (Rt = 4.05 min): Not ionisable

Step 6  4-[25-Dioxo-4-hydroxymethyl-3-methyl-4-(3-trifluoromethylphenyljimidazolidin-1-y1]-2-

triffuoromethyl-benzonitrile
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N 4 p 0 N/ FF 412,5-Dioxo-3- ethy1-4- (hydro xymethyl)-4- pb enylimidazo lidin-1 -yl] -2- _
trifluoromethylbenzonitrile 403.4 13 N\\. ON O N"--- N IPO _ / F NF 41444 -Cyanopheny1)-2,5- di

0x0-4- hycay By methylimidazo - 1-y 0 -2- tiflioromethylbenzriis 4142 14

[00324] To a solution of 782 mg of 4-/4-(3-Trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-{(2-
propenyloxy)methyl]imidazolidin-1-vi] - 2-trifluoromethylbenzonitrile in DCM (5 mL), 662 ulL of
trifluoroborane-dimethylsulfide complex are added. The mixture is stirred 6 hours at room temperature,
diluted with DCM, washed with an aqueous solution of sodium bicarbonate, dried over magnesium sulfate,
concentrated and purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the desired
compound. '

TLC: Fr = 0.45 (ethyl acetate/cyclohexane 50/50)

5 '"H NMR (CDCls): 3.14 (s, 3H); 4.18 (d, 1H); 4.75 (dd, 1H); 7.62-7.69 (m, 3H); 7.76 (d, 1H); 7.95 (d, 1H);
8.02 (d, 1H); 8.16 (s, 1H)

LCMS: (Rt = 3.10 min): 426- (M-CH20H)-

Example I6: 1 -(3,4-Dichlorophenylj-4-hydroxymethyl-3-methyl-4-phenylimidazolidine-2, 5~dione
(Method A4)

Step 1: 1-Phenyl-2-(2-propenyloxy) ethanone

[00325] This compound is prepared from 2-hydroxy-1-phenylethanone, according to the procedure

used by G.A. Molander and J.A. McKie on 1-hydroxy-butan-2-one, J. Org.Chem. (‘1995), 60, 872-8%2.

Step 2: 4-Phenyl-4-[(2-propenyloxyimethyl]imidazolidine-2, 5-dione

[06326] 0.775 g of 1-phenyl-2-(2-propenyloxy)ethancne, 0.575 g of potassium cyanide and 1.6 g of
ammonium carbonate are heated to 55 °C for 3 hours in 23 mL of a 50/50 cthanol/water mixture. The reaction
mixture is diluted with water and extracted with ethyl acetate. The organic solution is washed with a saturated
aqueous sodium chloride solution, then dried over sodium sulphate and evaporated to yield the desired
compound.

TLC: Rf = (1.42 (silicagel, eluant : heptane-ethyl acetate 50-50)

§ 'H-NMR (CD;0D): 3.68 (d, 1F); 4.13 (m, 3H); 4.22 (d, 1H); 4.92 (s, 2H); 5.22 (dd, 1H); 5.34 (dd, 1H);
5.95 (ddt, 1H); 7.45 {(m, 3H); 7.64 (d, 2H)

LCMS: (rt = 5.79 min): 288+ (MH, MeCN+)

Step 3: 1-(3,4-Dichlorophenyl)-4-phenyl-4-[(2-propenyloxy)methylJimidazolidine-2, 5-dione

[60327] 0.7 g of 4-phenyl-2-(propenyloxy)imidazolidine-2,5-dioneare dissolved in 2 mL DMAC and
780 mg of 1,2-dichloro-4-iodo-benzene are added, followed by 234mg of copper (I} oxide. The mixture is
warmed at 160°C for 3 hours. At rt the mixture is diluted with a 20% aqueous solution of ammonia and

extracted with ethyl acetate. The organic layer is dried over sodium sulfate, filtered and evaporated. The
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. OH 4- [4-(3-Cyanopheny 1) -2,5-di oxo0-4- hydroxyrn ethy1-3- methylimidazo lidin-1-y1)-2-
trifluoromethylb enzonitrile 414.3 N 11,0/ NF ID Structure Name Cale' d MW 15 FFOH
4-[2,5-Dioxawvéy byarapymethy43- methyl-443- trifluoromethylphenyDimidapeotidiy2009/661733

crude product is purified by chromatography over silica gel while eluting with the 2/1 heptane/ethyl acetate

mixture.

& "H NMR (DMSO): 3.70 (d, TH); 4.08 (m, 2F); 4.15 (d, 1H); 5.17 (d, 1H); 5.25 (d, 1H); 5.88 (ddt, 1H); 7.38-

7.50 (m, 4H); 7.62 (d, 2H}; 7.67 (m, 1H); 7.78 (d, 1H), 9.40(s, 1H).
LCMS: (Rt = 3.44 min}: no ionization

Step 4: 1-(3,4-Dichlorophenyl)~4-hvdroxymethyl-3-methyl-4-phenylimidazolidine-2, 5-dione

[00328] To a  solution of 045 g of  35-1-(3,4-dichlorophenyl)-4-phenyl-4-[(2-

propenyloxy)ymethyllimidazolidine-2,5-dione in 3 mL of DMF, 238 mg of potassium carbonate and 0.143 mL

of iodomethane. The mixture is stirred at rt for 5 hours, evaporated to dryness, diluted with brine and

extracted with ethyl acetate. The organic layer is dried over sodium sulfate, filicred and evaporated to afford

0.47 g of yellow oil, which is then dissolved in 5 mL of DCM under argon atmosphere. 0.4 mL of

triftuoroborane-dimethylsulfide complex is then added. The mixture is stirred at rt for 5 hours. A saturated

aqueous sodium bicarbonate solution is added slowly. The mixture is extracted with DCM and the organic

layer is dried over sodium sulfate, filtered and evaporated. The crude product is purified by crystallization

from DCM/ethyl ether.

5 'H NMR (MeOD): 3.02 (s, 3H); 4.20 (d, 1H); 4.62 (d, 1H); 7.43-7.57 (m, SH); 7.68 (d, 1H1); 7.92 (d, 1H);

7.75 (m, 1H).
LCMS: (Rt =13.13 min); No ionization

General procedure for Examples 17 to 19, (Method A)

Step [

[60329] 0.415 g of  4-[2,5-dioxo-4-phenyl-4-[(2-propenyloxy)methyl)imidazolidin-1-y1]-2-

trifluoromethylbenzonitrile are disseived in 40 mL of DMF with the appropriate alkyl halide and 163 mg of

potassium carbonate. The mixture is stirred at rt for 5 h, evaporated to dryness, diluted with water and

extracted with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered and the solvent is

evaporated. The crude product is purified by chromatography over silica gel while eluting with 70/30

heptane/ethyl acetate mixture.

Step 2

[00330] 0.3 mL of trifluoroborane-dimethyisulfide complex in 10 mL of dichloromethane is added to

a solution of the compounds obtained in Step 1, dissolved ir1 15 mL of dichloromethane (respectively 0.32 g

of N-isopropyl, 0.4 g of N-cyanomethyl and (.4 g of N-propargyl). The mixture is stirred at rt for 6 h and

60



1-y1)-2-trifluoromethylbenzonitrile 457.3 N ip4d0ON/FF 16 4111 H-O_ 0 N-4. 1_1, CiCl 1
-(3,4-Diehloropheny1)-4- hydroxymethy1-3-methy1-4- phenyli.mi_dazollldllne-2,5-d|one 365.217 41) HO
0 4[2,5-Diox¢r4-thpraryme tyl)-3- (1-methylethyD-4- phenyl|mldazol|d|n-I5¥Jl]/i2P;2{'09/961733

poured into a saturated aqueous sodium bicarbonate solution and extracted with ethyl acetate. The organic
layer is dried over magnesium sulfate, filtered and evaporated, The crude product is yrified b
y g P p p ¥

chromatography over silica gel while eluting with 70/30 heptane/ ethyl acetate mixture,

Example 17:  4-{2,5-Dioxo-4-hydroxymethypl-3-(1 -methylethyl)-4-phenylimidazolidin-1-ylj-2-
triffucromethylbenzonitrile '

Step 1: 4-{2,5-Dioxo-3-(1-methylethyl)-4-phenyl-4-{{. 2-propenyloxymethyl]imidazolidin-1-y[]-2-
trifluoromethylbenzonitrile

[00331] TLC: Fr = 0.65 (heptane/ethyl acetate 50/50)

§ 'H NMR (CDCly): 1.41 (d, 3H); 1.50(d, 3H): 3.37 (dt, 1H); 4.12 (d, TH); 4.13 (sl, 2H); 4.42 (d, 11T); 5.25

(d, 1H); 5.32 (d, 1H); 5.87 (ddt, 1H); 7.35 (m, 2T); 7.48 (m, 3H): 7.93 (d, 1H); 8.01 {(d, 1H); 8.15 (m, 1H)

LCMS: (Rt =3.71 min): 457+ (M+)

Step 2: 4-/2,5-Dioxo-4-hydroxymethyl-3-(1 -methylethyl}-4-phenylimidazolidin-1-yi]-2-
trifluoromethylbenzonitrile

00332] TLC : Fr = 0.45 (heptane/ethyl acetate 50/50)

8 "H NMR (CDClL): 1.41 (d, 3H); 1.53 (d, 3H); 3.40 (dt, 1H); 4.30 (d, 1H); 4.72 (d, 1H); 7.37 (m, 2H); 7.48

(m, 3H); 7.93 (d, 1H); 8.06 (d, 1H); 8.20 (br s, 1H)

LCMS: (Rt = 3.37 min): 386- (M-CH,OH-)

Example 18:  4-{2,5-Dioxo-3-cyanomethyl-4-hydroxymeth yi-4-phenylimidazolidin-1-yl]-2-

trifluoromethyibenzonitrile

Step 1: 4-[3-Cyanomethyl-2, 5-dioxo-4-phenyl-4-[(2-propenyloxy)methylJimidazolidin-1 -pl]-2-
trifluoromethylbenzonitrile

160333} TLC: Fr = 0.25 (heptane/ethyl acetate 50/50)

& "H NMR (CDCL): 4.09 (d, TH); 4.20 (m, 3H); 4.47 (d, TH); 4.60 (d, 1H); 5.29 (d, 1H): 5.33 (¢, 1H); 5.92

(ddt, TH); 7.38 (m, 2H); 7.53 (m, 3H); 7.98 (br's, 2H); 8.11 (br s, 1H)

LCMS: (Rt = 3.39 min}): not ionisable

Step 2: 4-[2,5-Dioxo-3-cyanomethyl-4-kydroxymethyl-4-phenylimidazolidin-1 -l]2-

trifluoromethyibenzonitrile

[00334] TLC : Fr = 0.35 (heptanc/ethyl acetate 50/50)
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trifluoromethylbenzonitrile 417.4 111) N" F 18 40 4-[3-Cyanomethy1-2,5-dioxo-4- (hydroxymethyl)-4-
phenylimidazolidin-l-y1]-2- trifluoromethylbenzonitrile 414.3 HO O N'111 N"F

WO 2010/029119 PCT/EP2009/061733

§ 'H NMR (CDCL): 4.10 (d, 1H); 4.46 (4, 18); 4.69 (d, 1H); 4.77 (d, 1H); 7.36 (m, 2H); 7.53 (m, 3H); 7.98
(d, 1H); 8.01 (4, 1H); 8.12 (br s, 1H)
LCMS: (Rt = 3.12 min): 383- (M-CH,0OH-)

Example 19:  4-[2,5-Dioxo-4-hydroxymethyl-4-phenyl-3-(2-propynyhimidagolidin-I-pl]-2-

triflucromethylbenzonitrile

Step 1: 4-[2,5-Dioxo-4-phenyl-4-{(2-propenyloxy)methyl] - 3-(2-propynylimidazolidin-1-yI]-2-
trifluoromethylbenzonitrile

[00335] TLC : Fr=0.65 {(heptane/ethyl acetate 50/50)

§ "H NMR (CDCly): 2.27 (m, 1H); 4.06 (dd, 1H); 4.14 (m, 2H); 4.22 (d, 1H}; 4.40 (dd, 1H); 4.46 (4, 1H); 5.26

(d, TH); 5.31 (d, TH); 5.91 (ddt, 1H); 7.41 (m, 2H); 7.49 (m, 3H); 7.94 (d, 1H); 8.01 (dd, 1H); 8.14 (brs, 1H)

LCMS: (Rt = 3,45 min): not ionisable

Step 2: 4-{2, 5-Dioxo-4-hydroxymethyl-4-phenyl-3-(2-propynyliimidazolidin-1-y1]-2-
trifluoromethyibenzonitrile

[060336] TLC: Fr = 0.40 (heptane/ethyl acetate 50/50}

8 "H NMR (CDCL): 2.48 (m, 1H); 3.83 (dd, 1H}); 4.48 (d, 1H); 4.73 (d, 1H); 4.81 (dd, 1H); 7.46 (m, 2H); 7.51

(m, 3H); 7.95 (d, TH); 8.03 (d, 1H); 8.18 (br s, 1H)

LCMS: (Rt=3.16 min): 382- (M-CH,OH-)

Example 20:  4-[2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-ylj-2-trifluoromethylbenzonitrile
{(Method A)

Step 1: 4-[2,5-Dioxo-4-phenyl-4-{(2-propenyloxy)methyllimidazolidin-1-yi]-2-trifluoromethylbenzonitrile
[00337] To a solution of 0.47 g of 4-phenyl-4-[(2-propenyloxy)methyl]imidazolidine-2,5-dione in 30
mL of DMF is added 0.28 g of copper (I) oxide and 0.81 g of 4-bromo-2-trifluoromethylbenzonitrile. The
mixture is warmed at 135°C for 20 hoursthen it is evaporated to dryness. The crude product is diluted with a
20% aqueous solution of ammonia and extracted with ethyl acetate, The organic layer is dried over
magnesium sulfate, filtered and evaporated. The crude product is purified by chromatography over silica gel
while etuting with 70/30 heptane/ethyl acetate.

TLC: Fr = 0.30 (heptane/ethyl acetate 7/-30)

8 "H NMR (CDCL): 3.86 (d, 1H); 4.14 (br s, 2H); 4.27 (d, TH); 5.28 (d, 1H); 5.32 (d, 1H); 5.89 (ddt, 1H);
7.52 (m, 3H); 7.70 (m, 2H); 7.98 (m, 2H); 8.14 (m. 1H) ‘
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ID Structure Name Cale' d MW 19 40 442,5-Dioxo-4-(hydroxymethyl)-4-
phenyl-3-0-propynyflimidazolidin- 1-y11-2 -trifluoromethylbenzonitrile 413.4 HOO N'.,,,ip0O/F 20
4]2,5-Dioxowghydnmegmethy1-4- phenylimidazolidin-I-y1]-2- trifluoromethyoenzeniisite 1733

LCMS: (Rt = 6,91 min): 414~ (M-H-)

Step 2: 4-[2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin- ] -vi]-2-trifluoromethylbenzonitrile

100338] To a solution of 0.18 g 4-[2,5-dioxo-4-phenyl-4-{(2-propenyloxy)methyllimidazolidin-1-y1]-
2-triflyoromethylbenzonitrile in 15 mL of DCM is added 0.2 mL of trifluoroborane-dimethylsulfide complex
in 10 mL of dichloromethane. The mixture is stirred at rt for 6 hours and poured into a saturated aqueous
sodium bicarbonate solution and extracted with ethyl acetate. The organic layer is dried over magnesium
sulfate, filtered and evaporated. The crude product is purified by chromatography over silica gel while eluting
with 70/30 heptane/ethyl acetate mixture.

TLC: Fr (.25 (heptane/ethyl acetate 50/50)

§ '"H NMR (CDCL): 3.99 (d, 1H); 4.42 (d, 1H); 7.11 (br s, 1H); 7.49 (m, 3H); 7.64 (m, 2H): 7.94 (m, 2H);
8.10 (brs, 1H)

LCMS: (Rt =3.02 min}: 344- (M-CH,OH-)

Example 21:  4-{2,5-Dioxo-4-hydroxymethyl-3-methyl-4-(3-methylpheny)imidazolidin-1-yi]-2-
trifluoromethyl-benzonitrile (Method A)

Step 1:  2-bromo-1-(3-methylphenyl)ethanone

[00339] To a solution of I-(3-methylphenyl)ethanone (2 g) in ethyl ether (20 mL) is added bromine (726 pl.}
at 0°C. The mixture is treated with an aqueous solution of sodium bicarbonate, extracted with ethyl ether,
dried over magnesium subfate, concentrated and purified on silica gel (ethyl acetate/cyclohexane (/100) to
give the desired compound.

TLC: Fr = 0.42 (ethyl acetate/cyclohexane 10/90).

5 "H NMR (CDChLY: 2.47 (s, 3H); 4.49 (s, 2H); 7.40-7.47 (m, 2H); 7.81-7.91 (m, 2H).

LCMS: (Rt = 342 min); not ionisable.

Step 2: 2-hydroxy-1-{3-methylphenyljethanone

[00340] A solution of 2-bromo-1~(3-methylphenyl)ethanone (1 g) in acetonitrile (2.5 mL) and water (13
mL) is treated under microwave rradiation (125°C, 50 min). The same experiment is repeated three times. All
the vials are collected, extracted with DCM, dried over magnesium sulfate and concentrated under vacuum to
give the desired compound.

TLC: Fr = 0.15 (ethyl acetate/cyclohexane : 10/90).

& 'H NMR (CDCly): 2.47 (s, 3H); 4.90 (s, 2H); 7.41-7.49 (m, 2H); 7.74-7.78 (m, 2H).
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375.3 HOONH N 41114 N// F 21 OH 4425 -Dioxo-4-hydroxymethy1-3 - methyl-4-(3-
methylphenyflimidazolidin-1 -y1)-2- trifluoromethylb enzonitrile 403.4 N 411 117F NF 22

WO 2010/029119 PCT/EP2009/061733

Step 3 2-[(2-propenyloxyimethyl]-1-(3-methylphenyl)ethanone

[60341] To a solution of 2-hydroxy-1-(3-methylphenyl)ethanone (1.95 g) in allyl bromide (10 mL) is added
calcium sulfate (7.9 g) and silver oxide (5.1 g). The mixture is stirred under argon and dark during 2 hours.
The mixture is diluted with ethyl acetate, filtered on celite, concentrated and purified on silica gel (ethyl
actetate/cyclohexane (/100 to 15/83) to give the desired compound.

TLC: Fr = 0.54 (ethyl acetate/cyclohexane : 30/70)

8 'H NMR (CDCl): 2.45 (s, 3H); 4.20 (d, 2H); 4.79 (s, 2H); 5.29 (d, 1H); 5.37 (d, 1H); 5.96-6.04 (m, 1H);
7.37-7.45 (m, 2H); 7.75-7.79 (m, 2H).

LCMS: (Rt =3.30 min): not ionisable.

Step 4: 4-{(2-propenyloxy)methyl]-4-(3-methylphenyl)imidazolidine-2, 5-dione

[06342] To a solution of 2-[(propenyloxy)methyl]-1-(3-methylphenyl)ethanone (690 mg) in ethanol (5 mL)
and water (5 mL) is added potassium cyanide (472 mg) and ammonium carbonate (2.44 g). The mixture is
refluxed overnight at 55°C. The mixture is extracted with cthyl acetate, dried over magnesium sulfate and
concentrated under vacuum to give the desired compound.

3 "H NMR (CDCls): 2.41 (s, 3H); 3.78 (d, 1H); 4.06-4.09 (my, 3H); 5.22-5.30 (m, 2H); 5.81-5.90 (m, 1H); 5.94
{s, 1H); 7.21-7.39 (m, 4H); 7.61 (s, 1F).

LCMS: (Rt = 2.97 min): not ionisable.

Step 5: 4-[2,5-dioxo-4-(3-methylphenyl)-4-{(2-propenyloxy jmethyllimidazolidin- 1 -yi] -2-
triftuoromethylbenzonitrile

[00343] To a solution of 4-[(2-propenyloxy)methyll-4-(3-methylpheny!)imidazolidine-2,3-dione {899 mg)

and 4-bromo-2-(trifluoromethyl)benzonitrile (863 mg) in DMAC (5 ml.) is added capper (I} oxide (395 mg).

The mixture is refluxed overnight at 130°C. The mixture is concentrated, taken in ethyl acetate, washed with a

10% aqueous ammonia solution and brine. The organic phase is dricd over magnesium sulfate, concentrated

under vacuum and purificd on silica gel (cthyl acetate/cyclohesane 0/100 to 50/50) to give the desired

compound.

TLC: Fr = 0.30 (ethyl acetate/cyclohexane 30/70).

8 'H NMR {CDCls): 2.44 (s, 3H); 3.80 (d, 1H}; 4.10 (m, 2H); 4.22 (d, 1H); 5.23-5.30 (m, 2H); 5.83-5.90 (m,

TH); 6.37 (s, 1H); 7.26-7.45 (m, 4H); 7.93-7.98 (s, 2H); 8&.11 (s, 1H).

LCMS: (Rt =3.43 min): 428- (M-H)-.

Step 6: 4-[2,5-Dioxo-3-methyl-4-(3-methylphenyl)-4-[(2-propenyloxy)methylJimidazolidin-1 -ylj-2~

trifluoromethylbenzonitrile
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4. Cl OH 444-(2-Chloropheny1)-2,5-dioxo-4- hydroxymethy1-3-methyl- imidazolidin-1-y1)-2-
trifluoromethylb enzonitrile 423.8 1IP / NF ID Structure Name Calc'd MW 23 9 HO1-00 0

WO 2010/029119 PCT/EP2009/661733

[60344] To a solution of 4—[2,S»dioxo—4—(3«methylphenyl)—él—[(Z-pmpenyioxy)methyl}imidazolidin—1-y]]—2~
trifluoromethylbenzonitrile (829 mg) in DMF (1.5 mL} is added potassium carbonate (320 mg) and
methyliodide (480 ul). The mixture is stirred 3 hours at tt, evaporated, washed with brine, extracted with
gthyl acetate, dried over MgSO, and concentrated to give the desired compound.

TLC: Fr = (.43 (ethyl acetate/cyclohexane 30/70). |

& "H NMR (CDCh): 2.43 (s, 3H); 3.04 (s, 3H); 3.97 (d, 1H); 4.14 {m, 2H); 4.42 (d, 1H); 5.25-5.34 (m, 2H):
5.85-5.91 (m, 1H); 7.17 (m, 2H); 7.26-7.28 (m, 1H); 7.93 (d, 2H); 8.01 (d, 1H); 8.15 (s, 1H).

LCMS: (Rt =4.0! min): not ionisable.

Step 7: 4-[2,5-Dic‘)xo-4—kydroxymel/zy[—.')’-melhyl—%’-ﬁ-methyévhenyy.imidazo[idin-!-y.{]—i’»
 trifluoromethylbenzonitrile

[00345] To a solution of 8§36 mg  of 4—[2,5-di0xo~3—methy1—4-{3-methylphenyl)-ﬁim[(fl—

propenyloxyimethyllimidazolidin-1 -yl}-2-trifluoromethylbenzonitrile in DCM (5 mL) is added

triflucroborane-dimethylsulfide complex (812 pL). The mixture is stirred 4 hours at rt, diluted with DCM,

washed with an aqueous solution of sodium bicarbonate, dried over magnesium sulfate, concentrated and

purified on silica gel (ethyl acetate/cyclohexane 0/100 to 50/50) to give the desired compound.

TLC: Fr = 0.76 (ethyl acetate/cyclohexane: 50/50), ‘

8 'H NMR (CDCL): 2.44 (s, 3H); 3.09 (s, 3H); 4.17 (d, 1H); 4.72 (d, 1H); 7.17 {m, 2H); 7.28 (m, 1H); 7.39

(m, 1H); 7.93 (d, TH); 8.03 (d, 1H); 8.18 (s, 15,

LCMS: (Rt = 3.19 min): 372- (M-CH,OH)-,

Example 22:  4-{4-(2-Chlorophenyl)-2, 5-dioxo-4-hydroxymethyl-3-methylimidazolidin-1 ~yplf-2-

trifluoromethylbenzonitrile

{00346} Using the protocol described in Example 6, step 6, reacting 0.80g of 4-[4-(2-chlorophenyl)-
2,5-dioxo-3-methyl-4-[(2-propenyloxy)methyl Jimidazolidin-1 -yl]-2-trifluoromethylbenzonitrile  yiclds the
desired compound. _

3 '"H NMR (DMSO Dg): 2.69 (s, 3H); 8 4.25 (m, 1H); 4.46 (m, 1H); 5.90 (t, 1H); 7.50 (m, 3H); 7.58 (m, 2H);
8.05 (m, 2H), 8.35(d, 1H).

LCMS: (Rt = 3.47 min): (392/394)- (M-CH,OH-).

Example 23: [1-(4—-cyww-3-triﬂuoromethy&;henyl)-z’,5~diox0~3—methj:l~4;phenyiimidazalidin-4—yl]methyl
fipdrogen sulfate
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N o [l -(4-cyano-3- trifluoromethylphenyl)-2,5-dioxo-3- methy1-4-phenylimidazolidin-4- hydrogen

sulfate 469.06 Ityljmethyl /N 24 ZLfIL LL /0 0 0-fl-'0 O [l -(4-Cyano-3-
trifluorometigyphiamnigt295-dioxo-3- methyl-4-phenylimidazolidin-4- PCT/EP2009/061733
[00347] A solution of 0.39 g of 4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylimidazolidin-1-y1i-

2-trifluoromethylbenzonitrile and 0.48 g of sulphur trioxide-pyridine complex in 20 mE of pyridine is refluxed
for 18 hours then evaporated to dryness. The crude product is purified by chromatography over silica gel

while eluting with 90/10/1/1 DCM/methanol/acetic acid/water mixture.

TLC: Fr = (.25 {DCM/methanol/acetic acid/water 90/10/1/1).
8 '"H NMR (CD;0D): 3.09 { NCH:); 4.69 (d, 1H); 5,03 (d, 1H); 7.54 (m, 5H); 8.13 (m, 2H); 8.25 (s}, 1H).
LCMS: (Rt =3.52 min): 468- (M-H-). '

Example 24: [1-(4-Cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-d-phenylimidazolidin-4-ylmethyl
dihydrogen phosphate

Step 1. [1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yi]methyl  diethyl
phosphate

[00348] A solation of 0.4 g of 4-[3-methyl-4-hydroxymethyl-2, 5-dioxo-4-phenylimidazolidin-1-y1]-2-
trifluoromethylbenzonitrile in 2 mlL of pyridine and (.2 mL of diethyl phosphate is stirred for 3 hours at rt
under argon atmosphere. The mixture is quenched with 2M aqueous hydrochloric acid and extracted with
diethyl ether and ethyl acetate. The crude product is purified by chromatography over silica gel while eluting
with 4/1 DCM/ethyl acetate mixture.

TLC: Fr = (.7 (4/1 DCM/ethyl acetats).

3 'H NMR (CD;0D): 1.31 (g, 6H); 3.03 (s, 3H); 4.15 (m, 4H); 4.83 and 5.07 (2m, 2H); 7.45-7.55 (m, 5H);
8.06 (m, 1H); 8.15 {m, 2H).

LCMS: (Rt=3.76 minY; 526+ (MH+),

Step 2: [ I-(4-Cyano-3-trifluoromethylphenyi}-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yl]methyl
dihydrogen phosphate

[060349] Under argon atmosphere, 1 mL of bromotrimethylsilane is added to a solution of 0.39 g of 1-
(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-yImethy! diethyl phosphate
in 10 mL of DCM cooled at 0°C. The reaction is stirred for 1 hour at 0°C then 18 hours at rt. The sofvent is
evaporated then the residue is disselved in a mixture of water and cthanol. Solvents are evaporated and this
process repeated twice. The crude product is purified by chromatography over silica gel while eluting with
85/15/1/1 DCM/methanolacetic acid/water mixture to provide 0.25 g of white solid. After washing with a

diethyl ether/pentanc mixture, the desired compound is obtained.
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yllmethyl dihydrog,en phosphate 469.31 25 ci H3N+ 1101 00 N 111 N /F F F (2S)-1-[1-(4-Cyano-3-
trifluoromethylpheny1)-2,5-dioxo-3- methyl-4-phenylimidazolidin-4- yljmethoxy-3-methyl-l-oxobutan-
2-aminium ¢dpside 8847 1D Structure Name Cale' d MW 26 PCTE/EP2009/061733

& 'H NMR (DMSO Dg): 2.90 (s, 3H); 4.58 and 4.70 (m, 2H);7.49 (m, SH); 8.04 (d, 1H); 8.20 (s, 1H); 8.35 (d,
1H).
LCMS: (Rt =2.46 min): 468- (M-H-),

Example 25:  [I-(4-Cyano-3-trifluoromethyiphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-

ylfmethoxy-3-methyl-1-oxobutan-2-aminium chloride

Step 1: (28)-2-[(1.1-Dimethylethoxy)carbonylamino]-3-methylbutanoic acid [l-(4-cyano-3-
trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-ylfmethyl ester

[00350] A solution of 0.3 g of 4-[2,5-dioxo-4-(hydroxymethyl)-3-methyi-4-phenylimidazolidin-1-y1]-
2-trifluoromethylbenzonitrile, 0.217g of (28)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic acid,
0.122 g of 4-dimethylamino pyridine and 0.3 g of I1-(3-dimethylaminopropyl}-3-ethylcarbodiimide
hydrochioride in 50 mL of dichloromethane is stirred for 18 hours then poured into water and extracted with
ethyl acetate, The organic layer is dried over magnesium sulfate, filtered and evaporated. The crude product is
purified by chromatography over silica gel while eluting with 70/30 heptane/ethyl acetate mixture to provide
the desired compound,

TLC: Fr = 0.20 (heptane/ethyl acetate 70/30).

LCMS: (Rt = 4.07 min): 489+ (M-1BuQCO+H+),

Step  2:  [1-(4-Cyano-3-triflucromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-yl{j methoxy-3-
methyl-1-oxobutan-2-aminium chloride

[606351] 2 mlL of trifluoroacetic acid are added to a solution of 0.43 g of (25)-2-[(1,1-
dimethylethoxy)carbonylamino]-3-methylbutanoic acid [1-(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-
methyl-4-phenylimidazolidin-4-y1Jmethyl ester in 20 mL of dichloromethane, The mixtore is stirred at 25°C
for 2 hours then the solvent is evaporated to dryness. The crude product is diluted with a saturated aqueous
sodinm bicarbonate solution and extracted with ethyl acetate. The organic layer is dried over magnesium
sulfate, filtered and evaporated.

[60352] The crude product is dissolved in 100 mL of dichloromethance/ethyl] ether mixture (5/95) and
0.4 mL of a 2M hydrogen chloride solution in ethyl ether is added. After filtration, the desired compound is
obtained

TLC: Fr =0.2 (dichloromethane/methancl 95/5).

& "H NMR (CD;0D): 1.06 (m, 6H); 2.25 (m, 1H); 3.07 (d, 3H); 4.12 (m, 1H); 4.75 (dd, 1H); 4.88 (1, 1H); 7.58
(m, 5H); 8.19 (m, ZH); 8.26 (m, 1H)}.

LCMS: (Rt = 2.8 min): 489+ (M+H+).
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HO 101 O N 4. OF NF F 4-[1-(4-Cyano-3- trifluoromethylpheny0-2,5-dioxo-3-
methy1-4-phenylimidazolidin-4- yllmethoxy-4-oxobutanoic acid 489.41 27 (Abs (S)-(1-(4-cyano-3-

(trifluorometpyBphaRy93-methyl- 2,5-dioxo-4-phenylimidazolidin-4- yi)mg#yt:shbiyvslsegen phosphate
469.31 PP HO-it,\HoOmO0

Example 26:  [1-(&-Cyano-3-triflucromethylplienyt)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-

Ymethoxy-4-oxobutanoic acid

[060353] To a solution of 0.20 g of 4-[3-methyl-4-hydroxymethyi-2,5-dioxo-4-phenylimidazolidin-1-
yI]-2-trifluoromethylbenzonitrile in 3 mL of pyridine was added 6 mg of dimethylaminopyridine and 0.052 g
of succinic anhvdride. The mixture is stirred for 12 hours then evaporated t¢ dryness. The crude product is
washed with water and extracted with DCM. The organic layer is dried over magnesium sulfate, filtered and.
evaporated. The crude product is purified by clwomatography over silica gel while eluting with 50/50
cyclohexane/cthyl acetate to give the desired compound.

TLC: Fr=0.17 {cyclohexane/ethyl acetate 50/50)

& "H NMR (CDCly): 2.67-2.72 (m, 4H); 3.02 (s, 3H); 4.92 (d, 1H); 5.03 (d, 1H); 7.39 (m, 2H); 7.53 (m, 3H);
7.96 (d, 1H); 8.04 (dd, 1H); 8.18 (d, 1H).

LCMS: (Rt =3.49 min): 358 (M-H-CH,O-C4EH,O3).

Example 27:  (S)-{1-(4-Cyano-3-wifluoromethylphenyl)-2, 5-dioxo—3—methyl-tl-phenylimidazolidin—4~
yljmethyl dihydrogen phosphate '

Step 1: (8)-[1-(4-Cyano-3-trifluoromethylphenyi}-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-y Jmethyl
diethyl phosphate

[60354]} A solution of 1,2 g of (8)-4-[3-methyl-4-hydroxymethyl-2,5-dioxo-4-phenylinidazolidin-1-
ylj-2-trifluoromethylbenzonitrile in 6 ml of pyridine and 0.6 mL of diethy! chlorophosphate is stirred for 48
hours at room temperature under argon atmosphere. The mixture is quenched with 2M aqueous hydrochloric
acid and extracted with cthyl acetate. The crude product is purified by chromatography over silica gel while
eluting with 1/1 heptane/ethyl acetate mixture.

TLC: Fr = (.12 (1/1 heptane/ethy] acetate).

§ '"H NMR (CDCI3): 1.45 (m, 6H); 1.75 (sl, 1H); 3.10 (s, 3H); 4.13 (m, 4H); 4.65(q, 1H): 5.02 (g, 1H); 7.37
(m, 2H); 7.51 (m, 3H); 7.95 (4, 1H); 8.0 (dd, 1H); 8.13 (sl, 1H).

LCMS: (Rt = 4,66 min): 526+ (MH+).

[olh =-44.8° (¢ = 1 %, EtOH).

Step 2: (8§ )-[1-(4-Cyano-3-trifluoromethylphenyl)-2, 5-dioxo-3-methyl-d-phenylimidazolidin-4-ylfmethyl
dihvdrogen phosphate

68



| F 28 [Abe) F F N (S)-4-41-(4-eyano-3- (trifluoromethyl)pheny0-3-methyl-
2,5-dioxo-4-phenylimidazolidin-4- yOmethoxy)-4-oxobutanoic acid 489.41 WO
2010/0291 19RG [{56349@9/061733 ID Structure Name Cale' d MW 29 AbS)er/ep2009/061733

[66355] Under argon atmosphere, 2.5 mL of bromotrimethylsiiane is added to a solution of 0.80 g of
(S)-[1-(4-cyano-3-trifluoromethylphenyl)-2,5-dioxo-3-methyl-4-phenylimidazolidin-4-ylmethyl diethyl
phosphate in 25 mL of DCM cooled at 0°C. The reaction is stirred for 1 hour at 0°C then 18 hours at room
temperature. The solvent is evaporated then the residue is dissolved in a mixture of water and methanol.
Solvents are evaporated and this process repeated twice. The crude product is purified by chromatography
over silica gel while eluting with 90/10/1/1 to 85/15/2/2 dichloromethane/methanol/acetic acid/water mixture
to provide the desired compound.

TLC: Fr=0.12 (85/15/2/2 dichloromethane/methanol/acetic acid/water),

8 "H NMR (CD;0D): 2.00 {m, 2H); 3.09 (m, 2H); 3.37(sl, 3H); 4.51 (di, 1H); 4.91 (dl under water peak}, 1H);
7.53 (m, SH); 816 (m, 2H); 8.27 (m, 1H).

LCMS: (Rt =250 min): 470 + (M-+H+).

[odp = - 47.6° (¢ = 1.05 %, E1tOH).

Example 28:  (5)-[1-(4-Cyano-3-irifluoromethyilphenyl)-2, 5-dioxo-3-methyl-d-phenylimidazolidin-4-

vijmethoxy-4-oxobutancic acid

[6G356] To a solution of 0.60 g of (8)-4-[3-methyl-4-hydroxymethyi-2,5-dioxo-4-phenylimidazolidin-
1-y1}-2-trifluoromethylbenzomnitrile in 24 mL of pyridine was added 19 mg of dimethylaminopyridine and 1.54
g of succinic anhydride. The mixture is stirred at 110°C for 7 hours then evaporated to dryness. The crude
product is washed with water and extracted with dichloromethane. The organic layer is dried over magnesium
sulfate, filtered and evaporated. The crude product is purified by chromatography over silica gel while eluting
with 50/50 heptane/ethyl acetate to give the desired compound. |

TLC: Fr = (.17 (cyclohexane/ethy] acetate 53/50)

8 'H NMR (CDCLY): 2.67-2.74 (m, 4H); 3.02 (s, 3H); 4.92 (4, 1H); 5.03 (d, 1H); 7.38 (m, 2H); 7.52 (i, 3H);
7.96 (d, 1H); 8.04 (dd, 1H); 8.18 (d, TH).

LCMS: (Rt = 3.22 mun): 358- (M-H-CH,0-CH,05).

Example 29:  (8)-((S)}-I-(4-Cyano-3-ttrifluoromethyljphenyl)-3-methyl-2,5-dioxo-4-phenylimidazolidin-4-

yhmethyl-3-methytbutanoate-2-ammonium chloride

Step 1: (28§ )-2-[(1.]-Dimethylethoxy)carbonylamino]-3-methylbutanoic  acid  (S)-[1-(4-cvano-3-
trifluoromethylphenyl)-2, 5-dioxo-3-methyl-4-phenylimidazolidin-4-viimethyl ester.

[00357] A solution of 0.45 g of (8)-4-[2,5-dioxo-4-(hydrexymethyl)-3-methyl-4-phenylimidazolidin-
1-yl]-2-trifluoromethylbenzonitrile, 0.33 g of (25)-2-[(1,1-dimethylethoxy)carbonylamino]-3-methylbutanoic

69



(trifluoromethyl)pheny1)-3-methyl- 2,5-dioxo-4-phenylimidazolidin-4- yfimethy1-3-methylbutanoate-2-
ammonium chloride 488.47 C1H3NO-,., 0N /NF 30
WO 2010/029119 PCT/EP2609/061733

acid, 0.185 g of 4-dimethylamino pyridine and 0.45 g of I-(3-dimethylaminopropyl)-3-ethyicarbodiimide
hydrochloride in 70 mL of dichloromethane is stirred for 1 hour then poured into water and extracted with
ethyl acetate. The organic layer is dried over magnesium sulfate, filtered and evaporated. The crude product is
purified by chromatography over silica gel while eluting with 70/30 heptane/ethyl acetate mixture to provide
the desired compound.

TLC: Fr = 0.20 (heptane/ethyl acetate 70/30).

8 'H NMR (CDCL): 0.89 and 0.97 (2d, 6H); 1.46 (s, 9H); 2.05 (m, 1H); 3.02 (s, 3H); 4.22 (m, 1H); 4.93 (m,
2H}): 5.04 (m, 1H); 7.38 (m, 2H); 7.52 (m, 3H); 7.96 (d, 1H); 8.04 (di, 1H); 8.15 (s, 1H).

LCMS: (Rt = 3.90 min): 489+ (M-tBuOCO+H+).

[aln =-54.7° (c = 1.25 %, EtOH).

Step 2: (8)-[1-(4-Cyano-3-triffuoromethylphenyl)-2, S-dioxo-3-methyi-4-phenylimidazolidin-4-yl]methoxy-3-
methyl-1-oxobutan-2-aminium chloride

160358] 3 mL of trifluoroacetic acid are added to a solution of 0.65 g of (28)-2-[(1,1-
dimethylethoxy)carbonylaminoe]-3-methylbutancic acid (S)-[l—.(4~cyano~3—’t.riﬂuoromethylphen_yi_)-2,5—dioxo—
3-methyl-4-phenylimidazolidin-4-yl]methyl ester in 30 mL of dichloromethane. The mixture is stirred at room
temperature for 5 hours, 20 mL of toluene are added then the solvent is evaporated to dryness. The crude
product is diluted with a saturated aqueous sodium bicarbonate solution and extracted with ethy] acetate. The
organic fayer is dried over magnesium sulfate, filtered and evaporated.

The crude product is dissolved in 120 mL of dichloromethane/ethyl ether mixture (10/90) and 0.75 ml of a
ZM hydrogen chloride solution in ethyl ether is added. After filtration, the desired comprrmd is obtained

TLC: Fr = (.2 (dichloromethane/methanol 95/5).

8 'H NMR (CD;OD): 1.07 and 1.10 (2d, 6H); 2.26 (m, 1H); 3.07 (s, 3H); 4.11 (d, 1H); 5.22 and 5.36 (24, 2H);
7.58 (m, 5H); 8.19 (AB, 2H); 8.25 (s], 1H).

[odp =-46.7° (¢ = 1.08 %, EtOH).

Example 30:  4-(2,5-Dioxo-4-hydroxymethyl-3-methyl-4-phenylimidazolidin-1-ylj-2-methoxybenzonitrile

Step 1: 4-{2,5-Dioxo-4-hydroxymethyl-4-phenylimidazolidin-1-yl]-2-methoxybenzonitrile

[60359] A solution of 384 mg of 4-cyano-3-methoxyphenyl isocyanate (prepared according to WO
2007/137874) in 8 mL dioxane is added to a solution of 200 mg of 2-hydroxymethyl-2-phenylglycine
(prepared according to literature procedure) in an aqueous solution of 1.8 mL 1N sodium hydroxyde in 2 mi
of water. The mixture is stirred at room temperature overnight, acidified by adding 3 mL 12N HCJ and heated

at 110°C for 2 hours. The solution is then treated with a saturated aqueous solution of sodium bicarbonate,
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OHS IP N ,-- 0 4[2,5-Dioxo-4-hydroxymethy1-3- methy1-4-phenylimi_dazolidin-l-yl]-
2-methoxybenzonitrile 351.37 31 Chiral OOHS elo CI CI (S)-1-(3,4-Dichlorophenyl)-4-

imi idine-2,5-di ! [ les [00364]The
hydroxymetRyd-@vd:f1 phenylimidazolidine-2,5-dione 365.22 Biological E; A0 9&
efficacy of the compound of the invention herein described may be demonsé?a ed i VS tests of

transactivation after simultaneous and stable expression of the human androgen receptor (hAR) and a
reporter gene placed under the transcriptional control of the androge_n receptor (AR) response
elemeﬁfg RS FbYL dsiieTHIskeRPCHABtRUT S asRL B throfidentiping preudifiphtiat ajonists
which wiiitticitheseffects ot najual MOmaanes «sueh asEllh {dibydiatesigsierone) in the present case
or, on ﬁ%pﬁpgrmweﬁmggt%gﬁtc%\é\@i Linhibit them. WO 2010/029119PCT/EP2009/061733

1003651For this transactivation test, plasmids encoding a reporter gene and the human androgen
d

HNMR (CDCly): 3.98 (s, 3H); 4.06 and 4.40 (2d, 2H); 6.07 (bs, 1H); 7.23 (m, 2H); 7.51 (m, 3H); 7.66 (mn,
3H).
LCMS: (Rt = 5.44 min): 306~ (M-CH,OH)-.

Step 2: 4-[2,5 -Dioxo-4-hydroxymethyl-3-methyl-4-phenylimidazolidin-1-yl] ~2-methoxybenzonitrile

[603606] 173 mg potassium carbonate and 86pL methyl iodide arc added to a solution of 141 mg 4-
[2,5-di0xo-4-hydroxyme’rhyM—phenylimidazoiidin-1—yl]»2-methoxybenzonitriie in 2 mb. DMF, The mixture
is stirred overnight at room temperature, evaporated to dryness, The residae is taken in water and extracted
with ethyl acetate. The organic layer is dried over magnesium sulfate, filtered, evaporated and
chromatographed over silica gel while eluting with 70/30 heptane/ethyl acetate mixture to give the expected
product.

3 "H NMR (CDCly): § 3.09 (s, 3H); 3.97 (s, 3H); 4.17 and 4.72 (2d, 2H); 7.27 (m, 2H); 7.40 (m, 2H); 7.50 (m,
3H); 7.64 (m, 1H). |

LCMS: (Rt = 5.67 min): not ionisable.

Example 31:  (8)-1-(3, 4’-Dichlorophenyl)-4-hydmxymethyl~3-methyl-4~phenylimidamlidine-z, S-dione
Step 1: (5)-1-(3, 4-Dichlorophenyl)-4-hydroxymethyl-4-phenylimidazolidine-2, S-dione

[00361] 217 mg of (5)-2-hydroxymethyl-2-phenylglycine (prepared according to A.Olma, Polish J.
Chem,, 70, (1996), 1442-1447) are dissolved in 5 mL of 0.5 N aqueous sodium hydroxide. 300 mg of 3,4-
dichlorophenyl isocyanate dissolved in 5 mL dioxan are stowly added over 10 min then the mixture is stirred
for 1k, the pHis around 7 to 7.5. 3 mL of 0.5 N aqueous sodium hydroxide are added to make the pH alkaline
then 300 mg of 3,4-dichlorophenyl isocyanate dissolved in 5 mL dioxan are slowly added again. The mixture
is stirred for 1 further hour at room temperature then 12N hydrochloric acid is added to acidic pH and the
mixture is heated for 1 h at reflux temperature. The dioxan is removed by evaporation under vacuum, the
aqueous phase is extracted with ethyl acetate. The extracts are washed with brine, dried over magnesium
sulfate and evaporated to dryness. The residue is purified over silica gel while eluting with a gradient mixture
from heptane to pure ethyl acetate to provide expected product.

[op = - 13.3° (¢ = 1,02 %, MeOH),

Step 2: (§)-1-(3,4-Dichlorophenyl)-4-hydroxymethyl-3 -methyl-4-phenylimidazolidine-2, 3-dione
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receptor (hAR) are introduced together by transfection into the HelLa cell line. The reporter riasmid
contains luciferase cDNA under the control of the AREs contained in the promoter sequences of the
probasin gega;(gxakAREminicoll-luciferase/pGL3-puro). The expression ?éQ&{,g@{g%%q_%gne
constitutes an indication of the transcriptional activity of hAR. It also encodes a protein allowing the
cells expressing it to resist a treatment with purontycin. The plasmid encoding hAR contains the cDNA
of hAR under the control of the Cytomegalovirus (CMV) promoter. It also encodes a protein allowing
the cel@¥88Blessing! & it al tfédrishiowrberdbimlisirnxrmetiddtment ohidetididiith drfcdensing
gmour&ssefv@@iemiaﬂyoagmm&w%amggum L mc@msa%n@x@mb%%&@@rg&&&% ﬁ%ﬁ&%&j Qﬁfk@ Wk

etect gnt n.the other hand, increasi oses of test compounds are tested in the presence
of incrgﬁ%%gtgg%&?g%rgﬁ%ﬁ?&%ﬁ I{“}mﬂ% 8'SXp ggas'gllé??lgff%ﬁ’éj ?1@85?%36 SRR R A CORS AP each
dose GFHFY! erieabsditsars thesednedinsit oritbtthd sesecoRip cumeitsimereabed WitlTodts, dfied
fulnCtiQ%* etficacyd _\slz@ﬁ??trd{fsmmr@if/e@l@sﬁ@ms ' 4 s%glé@%ﬁﬁgélﬁtmfge 9&;—:&%9&@@{?&1&19 Jlﬁéiﬁt%rl]’i\éﬁ% _
plasmi coll-luciferase /p irst step involves introducing, into the basic
pGL3 \‘(’%%E((e)%? P%Er%;e%%], 1%12})2&% ﬁ?r%lgleg}@lfrjn%ctlet&fg)%}ot em(/:lg é%eeer)f é?ét e@é’ﬁ%dﬁ%‘stream of the gene encoding
luciferast. N GiRfoniidikbitd 88 dol L sahdé aird. Ebi): ey aredPnthesised TS allo introduction of
the sitegalclgavagr afithe sesintiontenzymesSadl (single) underscore in the sequences below) and

Balll (ﬁoﬁﬁbﬂl@%@e{rsc E%hg@fg‘uences below) at the 5' and 3' ends respectively of the sequence

between the pOSitlgl’?S (bold in the sequences below) of the described promoter sequence

[P Angel et al. 1987 Mol. Cell. Biol. 7:2256-2266]. After hybridisation and cloning between the Sad
(positippuBaAne Ball: REAIIGR. Bk %Hﬁl?&fn%%?l@ligvpﬁ%gl plasmid, the "minicoll-luciferase/pGL3"
plasmid is obtained. The sequence of the oligonucleotides "coil-sense" and "colt- rev" is as follows:
coil-sense (SEQ ID No: 1):
5'CACTGTGTCGACGCGTGCAAGGACTCTATATATACAGAGGGAGCTTCCTAGCEalc'g
GGGATATTGGACRAGCAAGASEESGGAAGCCATCACTTACRTTGCACTGAS! We v (SEQ ID
No: 2): 3'GATCTCAGIGCAAGGTAAGTGATGGC TTCCCAGCCTCI 1 GCTGCTCLC ATCC
CAGCTAGGAAGCTCCCTCTGTAT TAGAGTCCTTGCACGCGTCGACACAGTGAGCT 5'
[00367]The second step involvedHo rising 3 times the androgen receptor response element
contained on the|probasin (pbARE)Yaromoter (bold in the sequences below) (F. Claessens)et al. 1996
J. Biol. Chem. 271:19013-19016) @ intioducing it BetivéshottetSitadrsgamedd-Bc1136111- |of the
"minicoll- WO 2010/029119PCT/EP2064/061733 lucifergse/pkehdinptasnids Twg-oliggpucleotides
(coil-sense and coil-rev) are syn sed.CThey allow ingggﬁl%;gnc% t}%géitg%ig clepvage af the
restriction enzymes Kpift (single rscore in the sequences bgjlov% and a blint end (douple
underscore in theé sequences below)\atithe 5" and 3’ ends respectively. After hybridisation, |a DNA
fragment is obtained ywhich co ned between the sites Kpnl (position 1) and Ec113611
(position 8) of the “minicoll-luciferase/pGL 3" plasmid, thus generating the '
"3xpbAREminicallluciterase/pGL3" plasmyid, The "coil-sense’ and "3xpbARE-rev" oligonucleotide
sequences are as follows: 3xphf (SEQ ID No: 3):
5'CAAAGAGCTCTAGCTTAATAGGTY GGAGTACTIHACGRGCHEAAPAGHT TC 1|
GGAGTACTTTACGTGC11AATAGS TTETTGGAGT@_(;,;[; 13t ﬁé%ﬁ@ﬁé%%\é&sﬁ ID No: 4):
3'AAAGTACTCCAAGAACCTATT CGTAAAGTAC CCAAGAACCTA‘_I’TAA 417.4
CACGTAAAGTACTCCAAGA TTRAGCTAGACGETEFRICRPRESI0B3881 The third step
involved introduging the purom esistance gene into the "3xpibAdREminicoll-luciferase/pGL3"
plasmid. The assembly [pro romycin- resistance gene - of polyadenylation sequence of
SVv4Q] (fragment 1-1396, Gehe Iib;faFyFU07648) is subcloned using PCR amplification, stafting from
the plasmid "pPUR“(Clontech)and-using-twe-oligonucleotides {pRUR-sense ev) allowing
the cleavage site BainHI to be introduced. The 1,550 base pairs fragment obtained after PCR (30
cycles, 30 seconds at 94 C, 30 seconds at 55 C, 1.5 minutes at 72 C) is digested by BamHI then
cloned at the single BamHI site of the plasmid 3xpbAREminicoll-luciferase/pGL3 thus yielding the
puromycin resistance plasmid 3xpbAREminicoll-luciferase/pGL3. The "coil-sense" and "coll-rev"
oligonucleotide sequence are as follows:
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pPUR-sense (SEQ ID No: 5): 5 TAAGGATCCGCTGTGGAATGTGTGTCAGTT3' pPUR-rev (SEQ ID
No: 6): 3' GACGGATCCAGACATGATAAGATACATTGAS' 1.1 b- Construction of the "pcDNA3-11AR"
plasmid [00R@RIThaseguence encoding the hAR cDNA is cloned betweepdhasites/dsen| and Arbal
of the pcDNA3.1() vector (Invitrogen) starting from the vector psg5-hAR (provided by Professor P.
Chambon, IGBMC, lllkirch, France). This plasmid contains the sequence described by Tilley WD et al.

[Tilley WD et al.
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[00377]Table 2: Measure of agonism and antagonism of the compound of the invention: Semi
guantitative scoring: ECso (nM) KSchild (nM) % effect relative to MIT(100/0) 0.01-10 nM: **** 0.01-10
NM: ++++ 450854400 NM: *** 11-100 nM: +++ 21-40% 101-500 nM:p¢ A dx&moMdMz++ 6-20%
501- 1000 nM:

Calc’d
iD Structure Name

HO 4-[4-(4-Chlorophenyl)-2,5-dioxo-4-
0o N7 hydroxymethyl-3-methyl-
7 N& e 423.8
5 imidazohdin-1-yi)-2-
Q trifluoromethylbenzonitrile
Y F7—F
Hi}@ 4-12,5-Dioxo-4-(4-fluorophenyl)-4-
O .
N hydroxymethyl- 3-(2-
. N_§ N ¥ ! ymethyl- 3-(
o propynvlyimidazolidin-1-y1}-2-
Q\ trifluoromethylbenzonitrile
= F

4-[4-(3-Chlorophenyl)-2,5-dioxo-4-
hydroxymethyl-3-methyl-

431.3

imidazolidin-1-y1)-2- 4238

trifluoromethylbenzoniirile

(S)- 4-[2,5-Dioxo-4-

(hydrexymethyl)-3-methyl-4-

10 389.3

phenylimidazolidin-1-yl}-2-

trifluoromethylbenzonitrile
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501- 1000 nM: 0-5% N/A: not applicable ID EC50 (Of) KSchild (a) '4 effect relative to DHT (100%)
Classification **** ++++ Mixed agonist/antagonist

WO 2810/029119 PCT/EP2009/061733
Cale’d
D Structure Name
MW

HO
(R)- 4-[2,5-Dioxo-4-
© NT (hydroxymethyl)-3-methyl-4-
11 _§ S 389.3
o) phenylimidazolidin-1-y1]-2-
trifluoromethylbenzonitrile
F
4
N F

F
Hg ><< 4-[2,5-Dioxo-3-ethyl-4-
_g N (hydroxymethyl)-4-
12 N S 403.4
O phenylimidazolidin-1-y1]-2-
trifluoromethylbenzonitrile
4 F
N F;:

W
on 4-[4-(4-Cyanophenyl)-2,5-dioxo-4-
') — hydroxymethyl-3-
13 N o 414.3
N‘& methylimidazolidin-1-y1)-2-
o trifluoromethylbenzonitrile
Y F7~F
F
OH
N=" o 4-[4-(3-Cyanopheny!)-2,5-dioxo-4-
N/

hydroxymethyl-3-
14 N T 414.3
0O methylimidazolidin-1-y1)-2-
trifiioromethylbenzonitrile
%
N FF F
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2 N/A +++ 3 Antagonist

N/A +++ Antagonist 4 N/A ++++ Antagonist 5 N/A + rl

WO 2010/029119 POCT/EPZO09/661733
Cale’d
I Structure Name
MW
4-[2,5-Dioxo-4-hydroxymethyl-3-
N methyl-4-(3-

15 D . o 3 457.3
trifluoromethylphenyDimidazolidin-
1-y[}-2-trifluoromethylbenzonitrile

w el =
N
" >§N, 1-(3,4-Dichlorophenyl)-4-
16 N _.§ hydroxymethyl-3-methyl-4- 365.2
0 phenylimidazolidine-2,5-dione
Ci o
Hg; >§ ,k 4-[2,5-Dioxo-4-(hydroxymethyl)-3-
‘§ (I-methylethyl)-4-
17 N S 4174
@] phenylimidazolidin-1-y1]-2-
trifluoromethylbenzonitrile
Y
N7 F7F
HO 4-[3-Cyanomethyl-2,5-dioxo-4-
o N N\
N—§ \\N (hydroxymethyl)-4-
18 O phenylimidazolidin-1-y1]-2- 4.3
trifluoromethylbenzonitrile
P .
N/ FF F




Antagonist

6 *** +++ Mixed agonist/antagonist

7 ** +++ -Mixed agonist/antagonist

WO 2010/029119 PCT/EP2009/061733
Caic’d
D Structure Name
MW
HO
O N 4-[2,5-Dioxo-4-(hydroxymethyl)-4-
19 - phenyl-3-(1-propynyDimidazolidin- | 413 4
1-yl}j-2-trifluoromethylbenzonitrile
/
NG ;F F
HO
o] NH 4-[2,5-Dioxo-4-hydroxymethyl-4-
50 Na{\o phenylimidazolidin-1-y1]-2- 375 3
Q\ trifivoromethylbenzonitrile
4
N FF F
OH :
o >>< 4-[2,5-Dioxo-4-hydroxymethyl-3-
N/
methyl-4-(3-
21 N o 403.4
0 methylphenyDimidazolidin-1-yI)-2- )
trifluoromethylbenzonitrile
4
N F7TF
Cl
o OH 4-[4-(2-Chlorophenyl)-2,5-dioxo-4-
hydroxymethyl-3-methyl-
0 imidazolidin-1-y1)-2-
trifluoromethylbenzonitrile
%
N F7F




PCT/EP2009/061733 ID ECso (nM) Kschuil (nM) % effect relative to DIU (100%) Classification 8 **
+++ Mixed agonist/antagonist 9 **** ++++ Mixed agon st/antagonist 10 *** +++

WO 2010/02911% PCT/EP2005/061733
Calc’d
j1)) Structure Name
MW
@
HO"%”O
[I-(4-cyano-3-
O N . .
trifluoromethylphenyl)-2, 5-dioxo-3-
23 Ny R 469.06
'e) methyl-4-phenylimidazolidin-4-
vi]methy] hydrogen sulfate
F
W
NOFOF
HC)\(?H
J,P""O
© [1-(4-C 3
-(4-Cyano-3-
o N—& trifluoromethylphenyl)-2,5-dioxo-3- | 440 31
O methyl-4-phenyhimidazolidin-4-
yvlimethyl dihydrogen phosphate
4
F
N FF
Cl H,N»
S ') {28)-1-[1-(4-Cyano-3-
: o N~ trifluoromethylphenyi)-2,5-dioxo-3-
_ D1 488.47
25 N—& methyl-4-phenylimidazolidin-4-
© ylimethoxy-3-methyl-I-oxobutan-
2-aminium chloride
// =
FF
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Mixed agonist/antagonist N/A Antagonist 12 *** +++ Mixed agonist/antagonist
available Antagonist 14

13 N/A Not

WO 2010/029119 _ PCT/EP2009/661733
: Calc’d
iD Structure Name
' MW
HO o
o O 4-[1-(4-Cyano-3-
QO N trifluoromethylphenyl}-2,5-dioxo-3- | 489 41
26 _£ methyl-4-phenylimidazolidin-4-
yllmethoxy-4-oxobutanoic acid
{S)-(1-(4-cyano-3-
(trifluoromethyl)phenyl)-3-methyl- | 460 37
27 0 2,5-dioxo-4-phenyiimidazolidin-4-
ylmethyl dihydrogen phosphate
/
7 F F
NTOF
Abs
N F
F
a ==N
\N)LN (S)-4-((1-(4-cyano-3-
: y {trifluoromethyl)phenyl)-3-methyl- | 449 4]
2 ™ 2,5-dioxo-4-phenylimidazolidin-4-
O yhmethoxy)-4-oxobutanoic acid
G
H,O
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4* +++ Mixed agonist/antagonist 15 *4 ++++ Mixed agonistllantagonist
agonist/antagonist

16 ** -F++ Mixed

WO 2010/029119 PCT/EP2069/061733
‘ Calc’d
iD Structure Name

MW
Abs
S)-{(S)-1-(4-cvano-3-
CIHN | (8)-{(S)-1-(4-cy
(trifluoromethylyphenyl)-3-methyl-
- 2,5-dioxo-4-phenylimidazolidin-4- | #5547
ylmethyl-3-methylbutanoate-2-
ammonium chloride
7
7 F7F
N
OH
O
N 4-[2,5-Dioxo-4-hydroxymethyl-3-
N
30 ~ methyl-4-phenylimidazolidin-1-yl]- | 3217
- O 2-methoxybenzonitrile
NZ~
0O
Chiral /GH
0. =
N (8)-1-(3,4-Dichlorophenyl)-4-
— 365.22

31 Q’N\\(
e
al
al

hydroxymethyl-3-methyl-4-

phenylimidazolidine-2,5-dione

Biological Examples
[00364]

in tests of transactivation after simultancous and stable expression of the human androgen receptor (hAR) and

antagonists which inhibit them.
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The efficacy of the compound of the invention herein described may be demonstrated iz vitro

a reporter gene placed under the transcriptional control of the androgen receptor (AR) response clements
(ARE) in host cells. This test constitutes a method of identifying pure or partial agonists which mimic the

effects of natural hormones, such as DHT (dihydrotestosterone) in the present case or, on the other hand,




17 ** -F-1-1- Mixed agonist/antagonist 18 N/A Mixed agonist/antagonist 19 ** +++ Mixed
agonist/antagonist

WO 2010/029119 PCT/EP2009/061733

[00365] For this transactivation test, plasmids encoding a reporter gene and the human androgen
receptor (hAR) are introduced together by transfection into the HeLa cell line. The reporter flasmid contains
luciferase cDNA under the control of the AREs contained in the promoter sequences of the probasin gene
(3xpbAREminicoll-luciferase/pGL3-puro). The expression of the reporter gene constitutes an indication of
the transcriptional activity of hAR. It also encodes a protein allowing the cells expressing it (o resist a
treatment with puromycin. The plasmid encoding hAR contains the cDNA of hAR under the control of the
Cytomegalovirus (CMV) promoter. Tt also encodes a protein allowing the cells expressing it to resist a
treatment with neomycin. The treatment of cells with increasing amounts of potentially agonistic compounds
will mcreasc the expression of the reporter gene. To detect antagonists, on the other hand, increasing doses of
test compounds are tested in the presence of increasing concentrations of DHT. The expression of the repotter
gene, which is constant for cach dose of DHT, decreases when the concentration of the test compounds

HCreases.

1- Tests of functional efficacy
1.1 Construction of plasmids

1.1 a):-Construction of the puromvcin resistance plasmid 3prAREminico1.1—1ueéiferase /pGL3

[00366] The first step involves introducing, into the basic pGL3 vector (Promega), the minimal
promoter of the collagenase gene upstream of the gene encoding luciferase. Two oligonucleotides {coll-sense
and coll-rev) are synthesised. They allow introduction of the sites of cleavage of the restriction enzymes Sacl
(single underscore in the sequences below) and BgllT (double underscore in the sequences below) at the 5" and
3" ends respectively of the sequence between the positions -42 and +46 (bold in the sequences below) of the
described promoter sequence [P Angel ot al. 1987 Mol. Cell. Biol. 7:2256-2266]. After hybridisation and
cloning between the Sacl (position 8) and Bglll- (position 37) sites of the "pGL3 basic" plasmid, the
"minicoll-luciferase/pGL3" plasmid is obtained. The sequence of the oligonucieotides "coll-sense™ and "coll-
rev” is as follows:

e coll-sense (SEQ ID No: 1):

5 CACTGTGTCGACGCGTGCAAGGACTCTATATATACAGAGGGAGCTTCCTAGCT

GGGATATTGGAGCAGCAAGAGGCTGGGAAGCCATCACTTACCTTGCACTGA 3

¢ coll-rev (SEQ ID No: 2):

3 GATCTCAGTGCAAGGTAAGTGATGGCTTCCCAGCCTCTTGCTGCTCCAATATCC
CAGCTAGGAAGCTCCCTCTGTATATATAGAGTCCTTGCACGCGTCGACACAGTGAGCT  §'
100367] The second step involved multimerising 3 times the androgen receptor response element
contained on the probasin (pbARE) promoter (bold in the sequences below) (F. Claessens ef al. 1996 J. Biol.
Chem. 271:19013-19016) and introducing it between the sites Kpnl and Ec113611- of the “minicoll-
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20 N/A +++ Antagonist 21 ++ Mixed agon st/antagonist 23 not available not available not available
not available 24 **** +++ Mixed agonist/antagonist
WO 2610/029119 PCT/EP2009/061733

luciferase/pGL3" plésmid. Two oligonucleotides (colf-sense and cofl-rev) are synthesised. They allow
mtroduction of the sites of cleavage of the restriction enzymes Kpnl (single underscore in the sequences
below) and a blunt end (double underscore in the sequences below) at the 5' and 3' ends respectively. After
hybridisation, a DNA fragment is obtained which could be cloned between the sites Kpnl (position 1) and
Ecli3611 (position 8) of the "minicoll-luciferase/pGL3" plasmid, thus generating the "3xpbAREminicoll-
luciferase/pGL3" plasmid, The "coll-sense” and "3xpbARE-rev” oligonucleotide sequences are as follows:

e 3xpbARE-sense (SEQ ID No: 3):

5 CAAAGA(}CTCTAGCTTAATAGGTTCTTGGAGTACT'I*TACGTGCTTAATAGGTTC

TTGGAGTACTTTACGTGCTTAATAGGTTCTTGGAGTACTTT 3

¢ 3xpbARE-rev (SEQ ID No: 4):

3 AAAGTACTCCAAGAACCTATTAAGCACGTAAAG‘TACTCCAAGAACCTATTAAG
CACGTAAAGTACTCCAAGAACCTATTAAGCTAGAGCTCTTTGGTAC 5
[66368] The third step involved introducing the puromycin-resistance gene into  the

"3xpbAREminicoll-luciferase/pGL3" plasmid. The assembly [promoter — puromycin- resistance gene - of
polyadenylation sequence of SV40] (fragment 1-1396, Gene library U07648) is subcloned using PCR
amplification, starting from the plasmid "pPUR" (Clontech) , and using two oligonucleotides (pPUR-sense
and pPUR-rev) allowing the cleavage site BamHI to be introduced. The 1,550 base pairs fragment obtained
after PCR (30 cycles, 30 seconds at 94 °C, 30 seconds at 55 °C, 1.5 minutes at 72 °C) is digested by BamHI
then cloned at the single BamHI site of the plasmid 3xpbAREminicoll-luciferase/pGL3 thus vielding the
puromycin resistance plasmid 3xpbAREminicoll-luciferase/pGL3. The "coll-sense” and "coll-rey"
oligonucleotide sequence are as follows:

e pPUR-sense (SEQ ID No: 5): &' TAAGGATCCGCTGTGGAATGTGTGTCAGTT 3

® pPUR-rev (SEQ ID No: 6): 3'  GACGGATCCAGACATGATAAGATACATTGA 5

1.1 b- Construction of the "pcDNA3-hAR” plasmid
[60369] The sequence encoding the hAR cDNA is cloned between the sites AcoRI and Xbal of the

PEDNA3.1(+) vector (Invitrogen) starting from the vector psg5-hAR (provided by Professor P. Chambon,
IGBMC, Illkirch, France). This plasmid contains the sequence described by Tilley WD et al. [Tilley WD et al.
1989 Proc Natl Acad Sci USA. 86:327-3 1; Gene library J04150).

1.2 Establishment of the stable HALP cell line
[G0370] For this test, HeLa cells are obtained from the American Type Culture Collection (Rockville,
MD) and cultivated in DMEM medium containing 4.5 gL of glucose, supplemented with Glutamax and with

nonessential amino-acids and with 10% of foetal calf serum (SVF; Dominique Dutscher).
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WO 2010/029119PCT/EP20091061733 ID EC50 (nM) KSchild (nM) A effect relative to DHT (100%)
Classification 25 *** Mixed agost/antagonist 26 *** Mixed agonist/antagoi s 2- Characterisation

in animal mggels Zd49apted model of Hershberger's test [003781The in yive At abihe

compounds of the invention may be demonstrated in an adapted

160371} On the day before transfection, a million cells are seeded in DMEM medium without phenol
red, supplemented. with Glutamax and with desteroided SVF (5%} in Petri dishes. The cells are transfected
with 4pg of the puromycin resistance plasmids pcDNA3-hAR and 3xpbAREminicoll-luciferase/pGL3 using
the reagent "Lipofectamine plus” (Invitrogen), following the supplier's recommendations, The day after
transfection, the cells are seeded to different cell densities (10,000 to 100,000 cellules per Petri dish). Two
days after transfection, the transfected celis are selected in DMEM medium without phenoi red, supplemented
with Glutamax and with desteroided SVF (5%) containing 400 pg/mb of G418 (Invitrogen) and 150ng/ml. of
puromycin (Sigma). The culture medium is renewed weekly until resistant clones appeared. The resistant
clones are removed and amplified before being tested for their functional response.

[00372] The functional response test is conducted as follows: The cells are seeded (80,000 cells per
well, 48 wells per plate) 24 hours before the phase of stinulation in DMEM medium containing 4.5 g/LL of
glucose, supplemented with Glutamax and nonessential amino-acids, and with desteroided SVF (5%). On the
day of stimulation, the sceding medium is replaced by DMEM medium without phenol red, supplemented
with Glutamax and with desteroided SVF (5%) containing a range of concentrations of DHT (i pM fo 1 uM).
The cells are placed in contact with the compounds for 18 hours at 37 °C. The medium is then removed, the
cells lysed and the luciferase activity measured using the reagent "Luciferase assay system” (Promega) in
accordance with the manufacturer's instructions. The luminescence produced is detected on a TopCount-type
counter (Perkin-Elmer). The clone (I1ALP2) retained for the screening test showed a transcriptional response

curve similar 1o that obtained after transitory transfection of the same vectors in Hela cells,

1.3 Funciional response test

[00373] The functional response test is conducted on 96-well plates. The HALP2 cells are seeded
(20,000 cells per well) in culture medium (ODMEM with phenol red, 1% de Pen-Strep, 1% of non-essential
amino acids, 10% of feetal bovine serum, 4006 pg/mL Geneticin and 0.150 pg/mi. puronrycin) on day 1. After
24 hours incubating at 37°C, 5% COs, high humidity (day 2) the medium is removed and refreshed with test
medium (DMEM without phenol red supplemented, 1% de Pen-Strep, 1% of non-cssential amino acids and
5% of desteroidised foetal bovine serum). After another 24 hours incubating at 37°C, 5% CO,, high humidity
(day 3), the medium is renewed once more before the phase of stimulation.

[00374] Stimujation involved crossing a range of concentrations of DHT (0.329 pM to 640 nM) with a
range of concentrations of the tested compound (6.4 nM to 4 uM). The cells are placed in contact with the
compounds for 24 hours at 37 °C, 5% CO,, high humidity. On day 4 the medium is then removed and the
luciferase activity reading reagent is placed in contact with the cells in accordance with the manufacturer's
instructions (SteadyLite, Perkin-Elmer). The luminescence produced is detected on an Envision reader
(Perkin-Elmer).
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model of the Hershbcrger test in the following manner: [00379]The selective modulating activity of the
androgen receptor is tested in a model of castrated immature young rats. This model, which is widely
recognised $on evalyading the anabolic effects of androgen compounds orethemmscles and on the
prostate, has been described by Hershberger et al. 1953 Proc. Soc. Expt. Biol. Med. 83:175.
[003801The method is based on the measurement of the well-known effects of androgens on the
growt H% muscles and the accessory male sex organs in.animals, and also in men. The

conse%ﬁg’ s of ca AN Eb PP RFHEIONT BF & tapid i StuibH gﬁ@%ﬁ“&pﬁ?ﬁ?ﬁ?&“ﬁr%tﬁ%‘hnd the
seminalwesicieslacid iofitbe abfissfifflagrmuscle devator iyt Thisreffeettimby bstabmpletedy. The

compensalad YA SAeRNRQHSARARINI ?W@tﬂ@nﬁ LRRARGRN «R PAticHaL.af JeslosieaNG g model
is thus used. to determine the ca aC|t the tested molecules to maintain the weight of the accessory

sex atMHULIEBRIARS fHinita trRted S LAE tReldrore thaf dfidrogehit Bmragytion is
[0038 #dtkmmnatiipe ywngnﬁmagimlldlmgtevmats (4 to 5 weeks old) weighing approximately 140-160 g
(Charlgg Riyer, Lesl%fdaam%t%)tﬁterétt%tvt)gésgtstanﬂ9&1% WNHRUPYS GraRs AR o%t%t%%pttn an

environment at 22 2 C with an alternatin /night cycle of 12 hours and ad libitum access to food
and dﬁh‘l&%@@é@?l@’ﬁ%ﬁ@%@%ﬂ’ f’@ SRR RARE SHEhE B?Wfé’ﬁ?éﬁlaé%%ﬁln@ﬁ)QHg P4t8care
weighadingdividually then anaesthetised W|th an intraperitoneal dose of Ketamine/xylazine (85/15
mg/kg, approximately 2 ml/kg). Each animal is then placed on a sterile field and the abdomen and the
scrotum are disinfected W|th Bctadlne and 70 % aIcohoI In the case of the orchldectomlsed control
animal84GBRIX), theXablidaMaranrania ARd aRkag ph che gommpoundiof the s

is thers sradeatitigaducerthe supra testlcular portlon of the tlssue prlor to surglcal sectlon of each
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reintfoduced degicca\tel their original locatio %910/029119 b CT/ER2EBSI08188 1T he sité of
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control%’ d8 Wicle (PEG4OO / DM§95'/W%Q§N:79 /1] 203 administere)dsg‘er os| 2. ORX contrpl
group: Vehicle (PEG400 / DMSO / water; 79 / 1 / 20) administered per as. 3. Treated ORX group: The
testedhggmgegﬂg Mg administered individually per os in suspension in the vehicle described above,

in a dose of 10 mg/kg. [00384]After treatment for 4 successive days, the animals are decapitated using
a guillotine. The levator ani and the ventral prostate are removed and weighed individually. For

comparing inter-experimentalidata; thecaeight daach organefestasisavelised and expressed in
milligrammes per 100 g of the \ﬁ%lght line animal(W)J For gaeh pigan. t1e abdasiificdidhe
standardised weights of the QRX gontrol group Is fixed by deflnltlon at and the average of the
standardised weights of the SHAM cq;;t{pl gro.ugg§gixej by deft%%lon at 100 %. THé*efficacy af each
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identify the differences betwe 3nzqroupsl. _003861Table 3: lierschberger's test data to? selected
compounds of the invention. $emilquaiitative stbting (.5-25 %# Antagonist
4 N/A e § Antagonist
5 N/A +4+ § Antagonist
Mixed
6 M S §8§
agonist/antagonist
Mixed
7 * e 5§88
agonist/antagonist
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25-50% ** 50-75 % *** 75-100% **** Dose Androgenic Anabolic Example tested activity % activity

% (mg/kg) (Prostate)

WO 2010/029119 PCT/EP2009/061733
ECs Ksenia % effect relative
D _ . Classification
(niv) (nM) to DHT (160%)
Mixed
] Kl +4++ §8
agonist/antagonist
Mixed
9 e k fofenange § § § §
agonist/antagonist
Mixed
10 T b 888
agonist/antagonist
11 N/A + § Antagonist
Mixed
12 kK +++ § § § .
agonist/antagonist
Not .
13 N/A ) § Anfagonist
available _
Mixed
14 o ot §§§ ‘
agonist/antagonist
Mixed
15 * s §8§
agonist/antagonist
Mixed
16 > it §§ . .
agonist/antagonist
Mixed
17 o et §588§ . :
agonist/antagonist
7 Mixed
18 ¥ N/A §8 . :
agonist/antagonist
Mixed
19 #% -+ §§
agonist/antagonist
20 N/A Sy § Antagonist
N Mixed
21 ' + §8 : :
agonist/antagonist
not not . .
73 _ . not available not available
available | available
Mixed
24 ok ok JES B § § §
agonist/antagonist
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WO 20106/029119 PCT/EP2009/661733
ECs Kscnia % effect relative
D _ _ Classification
(nh) (nd) | toDHT (100%)
Mixed
25 | T +H §§% : :
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xn e Mixed
26 888 . :
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2- Characterisation in animal models

2.1 Adapted model of Hershberger's test

[80378] The in vivo activity of the compounds of the invention may be demonstrated in an adapted
model of the Hershberger test in the following manner:

[66379] The selective modulating activity of the androgen receptor is tested in a model of castrated
immature young rats. This model, which is widely recognised for evaluating the anabolic effects of androgen
compounds on the muscles and on the prostate, has been described by Hershberger et al. 1953 Proc. Soc. Expt.
Biol. Med. 83:175.

[00380] The method is based on the measurement of the well-known effects of androgens on the
growth of the muscles and the accessory male sex organs in animals, and also in men. The consequences of
castration appear in the form of a rapid involution and atrophy of the prostate and the seminal vesicles and of
the anus-lifting muscle (levator ani). This effect may be completely compensated by an £X0gencous
administration of androgen, in particular of testosterone, The model is thus used to determine the capacity of
the tested molecules to maintain the weight of the accessory sex and muscle organs in immature castrated rats,
and therefore their androgenic efficacy.

[00381] Immature young Sprague Dawley rats (4 to 5 weeks old) weighing approximately 140-160 g
(Charles River, Les Oncins, FRANCE) are distributed randomly in various groups and are kept in an
environment at 22 * 2 °C with an alternating day/night cycle of 12 hours and ad Hbitum access to food and
drink.

[60382] On day 0 (seven days before commencement of the first treatment) the rats are weighed
individually then anaesthetised with an intraperitoneal dose of Ketamine/xylazine (85/15 mg/kg,
approximately 2 ml/kg). Each animal is then placed on a sterile field and the abdomen and the scrotum are
disinfected with Betadine and 70 % alcohol. In the case of the orchidectomised control animals {ORX), the
testicles are removed via an incision in the middle of the scrotum. A sterile suture is then made to i gature the
supra-testicular portion of the tissue prior to surgical section of each testicle. The groups of animals to be
treated by the tested compounds are operated on in an identical manner. In the case of the intact control

animals (SHAM), the testicles are similarly extracted and reintroduced delicately to their original location.
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The site of surgical intervention is then sutured using sterile suture thread, and the site is disinfected again by
application of Betadine. Each animal is then kept under a sterile pad until it awoke, before being returned to
its cage. The animals are kept in an environment at 22 + 2°C with an alternating day/night cycle of 12 hours
and ad Jibitum access to food and drink. The animals are treated with the molecules 1o be tested from post-

surgery day 7 and until day 10 preceding sacrifice (day 11).

160383] The rats are split into groups and treated daily from day 7 to day 10 under the conditions
defined below:
I. SHAM centrol group: Vehicle (PEG400 / DMSO / water; 79 / 1 / 20 administered
per os.
2. ORX control group: Vehicle (PEG400 / DMSO / water; 79 / 1/ 20) administered per
0s.
3. Treated ORX group: The tested compounds are administered individually per os in

suspension in the vehicle described above, in a dose of 10 mg'kg.
[00384] After treatment for 4 successive days, the animals are decapitated using a guillotine. The
levator ani and the ventral prostate are removed and weighed individually. For comparing inter-experimental
data, the weight of each organ is standardised and expressed in milligrammes per 100 g of the weight of the
animal (W). For each organ, the average of the standardised weights of the ORX control group is fixed by
definition at 0 % and the average of the standardised weights of the SHAM control group is fixed by
definition at 100 %. The efficacy of each product is expressed as a percentage and calculated using the
following formula:
(W treated — W ORX) / (W SHAM - W ORX) x 100

106385] A subsequent ANOVA ftest is used for statistical analysis to identify the differences between
groups.
[00386] Table 3: Herschberger’s test data for selected compounds of the invention,

Semi quantitative scoring
0.5-25% %
25-50 % *
50-75 % wkE
75-100 % ks

Dose . Androgenic
Anabolic

Exanmple | fested o activity %
activity %

{mg/kg) {Prostate)
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3. Determination of abselute bioavailability

[00387] To screen rapidly imidazolidines derivatives based on their absolute bioavailabity, restricted
pharmacokinetic profile with only fours sampling time points after oral and intravenous route is investigated
in Sprague Dawley rats as follows: each test compound is dosed orally (10 mg/kg) and intravenously (3
mg/kg) to groups of 3 male Sprague Dawley rats. Oral doses are administered as solution in
EtOH/PEG400/H,0 (1/79/20; v/v) by esophageal gavage {2 mg/mL; 5 mL/kg)} and intravenous dose is given
as solution in DMSQ/PEG400/H,0 (1/65/34;v/v) as a bolus in the tail vein (3 mg/ml; 1 mlL/kg). Before oral
dosing, animals are deprived of food (water ad libitum) for at least 16 hours before the start of the study and 6
hours after administration.

[00388]

at the following sampling-times: 0.083, 0.25, 1 and 3h after intravenous injection and 0.25, 1, 3 and 6 hours

Blood is collected at the retro-orbital sinus into polypropylene tubes (Li-heparinate) at +4°C

after oral dosing. Three (3) animals are sampled per time-point; each animal being sampled four times. After
centriﬁgati011 at 5060 rpm for 10 min at + 4°C, plasma is collected into polypropylene tubes and kept frozen
at -20°C pending assays. Plasma samples are assayed by a LC-MS/MS method with a lower limit of
quantification of 1 to 10 ng/mL depending on the compound (volume of plasma: 100 pL).

[00389]

compound. Sample preparation consists of a precipitation of plasma proteins with methanc] and filiration by

A LC-MS/MS method for quantification in heparinized plasma was developed for cach test

88



444 50-90%: 44 0-49% ID Bioavailability 1443 4 5 6 4ft7 844410

WO 2010/029119 PCT/EP2009/061733

centrifugation of supernatant on Captiva deep-well 96 0.2 um filter plates. Water was added to methanol
supernatant phase prior to analysis by liquid chromatography (Pursuit 5 C18 20 x 2,0mm VARIAN, 2uL loop,
gradient Water/Methanol (90/10 to 0/100) over 1.7 min) with turboionspray tandem mass spectrometry
(API4000) in negative mode using multiple reaction monitoring. The method includes 8 standard and 3
quality control levels with lower limit of quantification corresponding 1o first standard level.

[60350} Exposures are determined using a non compartmental model (WinNonLin 2.1) and the
absolute bioavailability (F) is calculated as follows: [AUC(0-6h) oral * 3 mg/kg] / AUC(0-3h) TV 10 mg/kg]

and expressed in percentage.

[60391] Table 4: Measure of bigavailabilitv of representative _compounds of the invention:

Semi quantitative scoring:

>90% HH
50-90%: ##
(-49% #

—
o

Bioavailability

i
#H
#

R
#

HiH

HiH

HtH

[a—)

S~ || | W

|
PO

4. Determination of the absolute bioavailability of selected compounds of the invention in rats and dogs

[00392) Absolute bioavailabity of a drug after oral dosing with the corresponding ester prodrugs is
mvestigated in Sprague Dawley rats as follows: each prodrug is dosed orally (10 mg/kg i.e 8 mg/kg drug
equivalent dose) and the drug is dosed intravenously (3 mg/kg) to groups of 3 male Sprague Dawley rats. Oral
doses arc administered as solution in EtOH/PEG400/H;0 (1/79/20; v/v) by esophageal gavage (2 mg/mL; 3
mL/kg) and intravenous dose is given as solution in DMSO/PEG400/H,0O (1/65/34; v/v) as a bolus in the tail
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444 12 4. Determination of the absolute bioavailability of selected compounds of the invention in rats
and dogs [00392] Absolute bioavailabity of a drug after oral dosing with the corresponding ester
prodrugs is Jp4estigaiedn Sprague Dawley rats as follows: each prodrug js-¢dessshonally;$10 ma/kg i.e
8 mg/kg drug equivalent dose) and the drug is dosed intravenously (3 mg/kg) to groups of 3 male
Sprague Dawley rats. Oral doses are administered as solution in EtOH/PEG4004120 (1/79/20; viv) by
esophageal gavage (2 mg/mL; 5 mL/kg) and intravenous dose is given as solution in
DMSdﬂﬁ’é@gWH%@S(ﬂb%@ﬁ?fR}? a@gﬁbﬂﬁsﬁﬁ‘ﬂ% el dwweﬁwfgméwwéw@mb@gm@wéé vein
(0.6 inghrd tydbora h.b{kgt)arBﬁfméestﬁa@Iad@SIng;ralﬁﬂedan&f@ﬂﬂmved of food (water ad I|b|tum) for at least
16 hoygs afore thesia of ihe,study and,& howrs. affer administation, J0gae3lRlond.s Bkenaia a
catheter inserted in the jugular vein an ollected mto polf/p‘fopylene tu f eparPna%r) HY4C at

the folldWirgideripinatptirnes Covobe @meﬁs, mp@ms anep %Oéf@?inﬂrévbﬁ@é%ﬁ el ataveness 0.5, 1,
3, 5, Sgadiddheurssalier pralsj@sdﬁ@ 24 adpreviest @aydegmgvmcﬂwmpwmférb@am dFygh @golume

of PMS p | Ifonyl qu ri lic.soluti orre to 1 % of
blood VO l%?ng colf)é-ucl%le‘tJ ?sﬁ a cﬁd?(%é/s Ietcl}txon 3&}’63‘2 LiLh ga{é) %ﬁl%%@%%‘éﬁ lscasr?]‘ﬁwg) per fife ub%nt
After denffifuefatier apBoBoepeaidis3fded @tmih@,lfﬁ!aémaTéneen&mnﬁh@q@@w@éwn@mﬁé@ and
kept frazencatrd0pendinpassays: 0304 In dagsidhe absaluiedbicavailabilityiefandiug aftesoral
dosing. with tp%&;a{res?ondln%ester prodrugs is investigated as follows: each prodrug is dosed orally

(10 mgﬁ< d?ug equl valefit do Se) and the drug is dosed intravenously (3 ma/kg) to 3 male Beagle dogs.

Oral dd¥884re adniinibterchcabypbieddrdiiidabitity ofedatinecalys wielalvdinatratletio ysraosenitngiveer as
soluti%d&@M@%&%&%ﬁﬁ&%@é@ﬂ Wodas 8 @@&ﬁdmﬁpql@eﬂﬂglw§ tn(RdRg( %ejtmmg)
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vein oﬁ@agﬁa@ﬁmﬁﬁmﬂmgsvmwwemﬂvm@spglymmpyiéwé W@(ﬁépﬁr’ﬁﬁé&é,)m O alnthe
followingzareplingztines: @-083nb, 16 7 K2h. BkRud, @atdRinkO fﬁﬂqa?s%}@ﬁ% HtrayeRRuS Wlectan and

0.25, and 24 hours after oral dosing. As no rodrug into drug, occurs

ex- wvébllwﬁlééofofgs?’n% }J%%O&%Fggg Wﬁto{i}gaﬂﬂfgo“ 69 Lo ﬁ%lé%lsﬂ?‘f 'centrifugation at 5000
rpm fdO83¥hh at + Ao plasmicidy diiectadnintogoly propylenedultés:ahdikbptifrozdrpatn@digpending

assaygJ00R96lrugdayekis d éfammetdamraa&%pﬁ@%mr% samples.tyasCiMe/MS metned with

a lower limit ofquantlflcatlon of 1 ng/mL (volume of plasma: 25 %rh?? Sample prg%ﬁratlon consisted of a
iftk

precipftation gf%%ﬂ’l&%Fd?é‘l%@%ﬂ%‘ﬁf@fﬁ’&ﬁ&f@n%’f tration by’ fatidnst dlparniaitonCaptive
deep-well 8622 ofm dilteg pi@td&g\/\tat:ersw&madctedo@nhaeﬂaanmhmeendtmmbph&sﬁqdrtorctﬁi@:naiyas by

liquid eRQMAAALARMN ARHBIEE 152RPS 2NN VARIGN . 2UL d00R Qraf Slihiatipangl{90/10
to 0/100) qver 1.7 mi F? with turboionspray tandem mass spectrometry (AP140 ) in negatlve mode
using ’ﬁ%‘ltﬁ%%‘é&f}o RYBHRSAIEY*The method includes 8 standard and 3 quality control levels with

lower [i#it9%8i quantificatiznet triespoinding ta fisgtistaricard devsks[003 AT B pusUrethaf evilletdomined
using Mp&éﬁmﬁﬁém%”&ﬁl %‘?SE' (z\é\(ﬁ'ﬁlﬁ Qf %ist%az)z )t%ﬁﬁég AE rQﬁ%ﬁ‘é%‘hé}R@!%f(E}:J&ﬁ)‘%‘!ﬁ%&ﬁted as

follows: [AUC(0-z) oral * 3 m%%“ﬁl AUC(0-2) IV8or expressed In percentage. Table 5:
Meas§fe BF e s ot b Bﬁﬁ;ﬁlﬁ‘?ﬁé‘&b@(é&%ﬁ*ﬂ%%a S&P%ﬁ@%@ﬁﬁﬁﬁﬂ%ﬂp -well 96 0.2
2010/Q29% 1 SRNGTAE R260 HOGLIA3B tor I Voatt#iHh G DRNOpHEEH prior to analysis by liquid chiromatography

(Pursuit 5 C18 20 x 2,0mm VARIAN, 2uL loop, gradient Water/Methanol (90/10 to (/100) over 1.7 min) with
turboionspray tandem mass spectrometry (API4000) in negative mode using multiple reaction monitoring.
The method includes § standard and 3 quality control levels with lower limit of quantification corresponding

to first standard level.
[6397] Exposures are determined using a non compartmental model (WinNonLin 5.2} and the
absolute bioavailability (F) is calculated as follows: [AUC{0-z} oral * 3 mg/kg] / AUC(0-z) TV 8 or 10 mg/ke]

and expressed in percentage.

Table 5: Measure of the absolute bioavailability of selected compounds of the invention:
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20-49% ## <20% if ID Bioavailability Rat Bioavailability Dog 27 ## ## 28 ### ### 5. In-vivo
experiments. 5.1Glucocorticoid-induced muscle loss (rat). [00398]In this model the impact of the
compound gf¢ghaigyestign on muscle loss induced by dexamethasone is Jppgigaiogk{kyn Ma et al,
2003). Male rats Sprague Dawley of 8 week-old are treated daily with 0.3 mg/kg of dexamethasone by
subcutaneous administration during 15 days. Rats are divided into several groups: sham (no
treatment, n=8), control (vehicle alone, n=8), nandrolone decanoate (3 mg/kg/day, s.c., n=8) and the
tested compound (selected oral dose range, n=8). After 15 days of treatment the gastrocnemeius is
collected and weighed and the muscle functieguts deterningghon |the tibialis anterior (Hour& et al,
2009). 5.2TIVF-induced cachexia (mice) [0%3?9%1}5;- this u‘.ud#%%(D rio Coletti et al, 2005), the production
of tumor necrosis factor-a (TNT) is

20-49% #H
<20% #
D Bioavailability | Bioavailability
Rat Dog
27 # #
28 Hir it
5. In-vive experiments.
51 Glucocorticoid-induced muscle loss (rat).
[00398] In this model the impact of the compound of the invention on muscle loss induced by

dexamethasone is investigated (Kun Ma er af, 2003), Male rats Sprague Dawley of 8 week-old are treated
daily with 0.3 mg/kg of dexamethasone by subcutaneous administration during 15 days. Rats are divided into
several groups: sham (no treatment, n=8), control (vehicle alone, n=8), nandrolone decanoate (3 mg/kg/day,
s.c., n=8) and the tested compound (selected oral dose range, n=8). After 15 days of treatment the
gastrocnemeius is collected and weighed and the muscle function is determined on the tibialis anterior
(Hourdé ef al, 2009),

52 TNF-induced cachexia (mice)

[06396] In this model (Dario Coletti ef al, 2005), the production of tumor necrosis factor-. (TNF) is
induced by electroporation of DNA with TNF genc expression in the tibialis of mice. Chronic exposure to
TNF triggers a muscle wasting reminiscent of cachexia. Male mice are divided into several groups: sham,
control, nandrolone decanoate and G100192, At the end of the treatment the gastrocnemeius and the soleus

are collected, weighed and the muscie function is determined on the soleus (Hourdé ef al, 2009).

5.3 Immobilization model (mice)

{00400} Skeletal unloading causes bone and muscle loss. The effects of the compound of the invention
on the skeletal unloading are investigated using tail-suspension for 14 days (Roland ef al/, 2005). Male mice
were divided into several groups unsuspended, tail-suspended, tail-suspended treated with the tested

compound and tail-suspended treated with nandrolone decanoate. At the end of the experiment, the soleus and
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induced by electroporation of DNA with TNF gene expression in the tibialis of mice. Chronic exposure
to TNF triggers a muscle wasting reminiscent of cachexia. Male mice are divided into several groups:
sham, contrglgnangiielee decanoate and G100192. At the end of the treag%)lgﬁéﬁo%/gﬁsg cnemeius
and the soleus are collected, weighed and the muscle function is determined on the soléus (Hour& et
al, 2009). 5.3Immobilization model (mice) [00400]Skeletal unloading causes bone and muscle loss.
The effects of the compound of the invention on the skeletal unloading are investigated using
tail-sudFeHsRTIRIRYL @8R 2o rdrdnycighal 2goby il fansdanérdativided intohsevisralHougs: al,
unsuspédied, tail-suspended, tail-suspended treated with the tested compound and tail-suspended
treated with nandrolone decanoate. At the end of the experiment, the soleus and WO
2010/029119PCT/EP2009/061733 the gastrocnemeius are collected, weighed and the muscle function
is detefrhined’ i ifFrs!eBreds aq8UrE et al, 2009). 5.40rchidectomized model (rat)

[0040 adxet1idectomycineiaass eRaiwnevanand Mmuseie fahmass. Tihecllect @k he.camporpd of the
inventign ntgoth mH’Ische oggj%osition Qation lean to fat mass) and bone turn-over is investigated in this
al, ).

modellfﬁ%ulroéz’é)to BYS'PRAEBPR T8 I3 ARVES OF B \ReER. BiE v dvitettigate B vRrangitlups:
intact fARhandy, YrehidbedsmitcthrsectPedtsy forR2mawbmthkawithvidthenvetticie) pangrolonet rats
decangatenrdieitesiedicempourcedtdhe spsbafihe experiment the iR of eaniadal nassand bone

turnover are studjed, the rocnemeius is collected and weighed and the muscle function is
et e e S e TS0 TS0 bR BBIRATOA e P oAb
patent$eERfIsates dshicatidrnad oiriehid thiébpevisidatiordreihdraiminedrpohatedehy (Fefergénceias if
each ipglividual publication were specifically and individually indicated to be incorporated by reference
herein as though fully set forth. [004031From the foregoing description, various modifications and
changes in the compositions and methods of this invention will occur to those skilled in the art. All such
modifitéttd3s comintgivithiicttienscopbdingeappénded agims:arenintendedpisl ibains|uded thenrein.

[00404 ] shomishhe.undarsioad hak fAsiQrs.stch asis differential %ﬁU;Bgﬁgﬁr%g%r‘sﬁé‘&ﬁgé%%‘; arious

compounds can contribute to discrepancies between the activity of the compounds’in the i vitro
biochdREPaRa REfitiRs 'R S8 Rrornet e fersRicshinmg ot thveh®ihical gfnes of compounds of the
inventl@fdd8igiven dinchsétfbntzamthissapplicationcmayoiaiehessrgenaigied ar apasonateddasis
by use:RfiaRammeRAllaYalARIe: Ghermical DaIIng. sltrere PRAAMANGAINe NOLDERR . e
independently verified. Representative programs performing this function include the texichem naming

tool sSf§H5y Ot rEded shifnsrac ftendsitithe AdidRoMSBRware tool sold by MDL, Inc. In the instance

where[tifd(4Hicated chemida! natae:sotiherdepiciechsirusiunerdiffen e gepisiad stagsture nillcontrol.
(004063 Schemilosiuciunes S Nereinwere pienared ysing alther Chembrau(n) of ISIS(r) [DRAW.
Any og_en valency appearing on a carbon, OXygen or nitrtogen atom in the Structures heteiff ifditates
the preCEhTRSE aPAyaIBEER M. Where a chiral center exists in a structure but no specific

stered@easistry is shown fomthe shicaterniekiatbrepapiomess asseeiaiedwith dheghiralsitugture
e e R B e 20 A L B 200 S L S R R N i
naming software program, and have not been independently verified. Representative programs performing
this function include the Lexichem naming tool sold by Open Eye Software, Inc. and the Autonom Software
tool sold by MDL, Tnc. In the mstance where the indicated chemical name and the depicted structure differ,
the depicted structure will control.
{06406} Chemical structures shown herein were prepared using either ChemDraw® or ISIS®
/DRAW. Any open valency appearing on a carbon, oxygen or nitrogen atom in the structures herein indicates
the presence of a hydrogen atom. Where a chiral center exists in a structure but no specific stereochemistry is

shown for the chiral center, both enantiomers associated with the chiral structure are encompassed by the

struciure.
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18. Dario Coletti, Viviana Moresi, Sergio Adamo Mario Molinaro and David Sassoon Genesis 2005
43:120-128 Tumor Necrosis Factor-a Gene Transfer Induces Cachexia and Inhibits Muscle
Regeneratiog}w}gm@gi M, Hanson AM, Cannon CM, Stodieck LS, Ferguson VI,. homed Sci
Instrum. 2005, 41:128-34. Exercise prevention of unloading-induced bone ZnFRH%EB5533 in adult
mice. WHAT IS CLAIMED IS: A compound according to Formula Ib: Ib wherein Xis 0 or S; R1 is H;
or Rl is selected from C1-C6 alkyl, C3-C7 cycloalkyl, C3-C6 alkenyl, C3-C6 alkynyl, and C1-C6 acyl,
each of whith rRayupeishalli tiensiNbstititSer giith dyanoy ane b Mere 1al0 . YERXYbrOEG 1:C Soplkoxy;
R2a is selected fram HogBER3)(OH)2, and C(0)(CH2)1C(0)0H; or R2a is selected from C1-C6 acyl, and
C3-C6 alkenyl; eagh of which may optionally be substituted with amino, or carboxy; n1is 0, 1, 2, 3, or
4; each RR2¢ is ind&PEnAEieR Jerttedrant rosiHdnduets € ahetiagmRibibitrVRE¢ IrRagjoimtogether to
form a C31€7 dyeloalkyl, RihisHaNalozayanaMrsincras) R3businderenssnlly halo, cyangoQr nitro;
each R4a, and R4l ig.indgpendently H, halo, cyano, carboxy or nitro; or each R4a, and R4b is
selected from C1-C6 alkyl, and C1-C6 alkoxy; each of which may optionally be substituted by one or
more halo, or C1-C&KIRERIF 60 41 wiarding indacksihert ragatheriedoforimadyitanar6- membered
cycloalkyl, 5 or 6-membered heterocycloalkyl, 5 or 6-membered aryl, or 5 or 6-membered heteroaryl;
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R4e is halo, cyano, or nitro; and mlis 0, 1, or 2; or pharmaceutically acceptable salts, and the
solvates of the compounds or the solvates of the pharmaceutically acceptable salts thereof. 2. A
compound or pharmaceutically acceptable salt thereof, according to claim 1, wherein X is 0. 3. A
compound or pharmaceutically acceptable salt thereof, according to claim | or 2 wherein R2b s H. 4. A
compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-3 wherein R2'
is H or C1-05 alkyl. 5. A compound or pharmaceutically acceptable salt thereof, according to any one
of claims 14 whgrein Rids Me, Et, i-Pr, or n-Pr. 6. A compound or pharmaceutically acceptable salt
thereof, according to claim 1, wherein the compound is according to Formula Il 1l wherein RI', R3b,
R4a R4b, 4.4c, x and ml are as in claim 1. 7A compound or pharmaceutically acceptable salt thereof,
according to ahy orfe 8 d&iffsaEnaimETBIRERR" is cyano, halo or nitro. 8.A compound or
pharmaceutically acceptable salt thereof, accordiag t oy one of claims 1-7, wherein R4b is CI, F, CN
or CF3. 9.A compound or pharmaceutically ag e salt thereof, according to claim 1, wherein the

compound is according to Formulae Va, Vb,(}/c or{Vd; R3a
Ria

R4b
N\‘.(N‘-—_Rq
X
Réc
th

wherein

XisQorS§;

R'is 0 or

R is selected from C;-C; atkyl, C5-C, cycloalkyl, Cs-Cq alkenyl, Cs-Cy alkynyl, and C;-Cq4
acyl; each of which may optionally be substituted with cyano, one or more halo,
hydroxyl, or C;-Cy alkoxy;

R™ is selected from H, P(O)(OH),, and C{O}CH,), C{0)OH; or
R* ig selected from Ci-Ce acyl, and C5-Cy alkenyl; each of which may optionally be
substifuted with amino, or carboxy; nl is G, 1,2, 3, or 4;

each R™ and R™ is independently selected from H, and C;-Csalkyi; or
R? and R™ may join together to form a C3-C- cycloalkyl;

R¥is H, halo, cyano, or nitro;
cach R™ is independently halo, cyano, or nitro;

each R4a, and R* is independently H, halo, cyano, carboxy or nitro; or
each R4a, and R™ is selected from C;-C; alkyl, and C;-C; alkoxy; each of which may
optionally be substituted by one or more halo, or C;-Cs alkoxy; or
R* and R* are joined together to form an 5 or 6- membered cycloalkyl, § or 6-membered
heterocyclealkyl, 5 or 6-membered aryi, or 5 or 6-membered heteroaryl;

LR .
R is halo, cyano, or nitro; and
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VcVd and wherein R3a is as in claim 1; and R3c is H, halo, cyano, or nitro; or R3 is C1-C6 alkyl
optionally substituted with cyano, or halo; or R3" is amido optionally substituted with C1-C6 alkyl. 10. A
compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein 123a is H, CN,
Cl, or Fand lecis H. 11. A compound or pharmaceutically acceptable salt thereof, according to claim
9, wherein Rsa is H; and R3c is CN, Cl, F, Me or CF3. 12. A compound or pharmaceutically
acceptable salt thereof, according to claim 9, wherein each R3a and R3" is H. 13. A pharmaceutical
composition comglgggigg A ngiarmaceutically acceptable carrier and a pharmaceutically effective

amount of a compoupd accq.rd’pg to a}rpf one of gltahims1 It%) 12{ t%4. A com ougd or]\pparrp%ceutically
acceptable salt a@éé’ré?ﬁlﬁc 5]§an§/( ONE ST QIS 0 1P 16 use Iy mediciie 1 l/S\rsloa§83n|05t Or mixed
agonist/antagonist'@BraTBiHLY dcprisiratetitiealy acceptable salt thereof, according to any one of
claims 1 to 12 For usednreatnentoicprophylaxis fecactexid, ;ostdoporosis, sateopeniala decline in
libido and/or sexualdysfshetionsnRAn-aniaganipter RixaeAQRISUARIBIRNIST SOMBRENGOr
pharmaceutically acceptable salt thereof, according to any one of claims 1 to 12 for use in treatment or
prophylaxis of androgen dependant tumors, such as prostate cancer or hyperplasia. eolf-seq|
SEQUENCE LISTING <110> Galapagos NV Nique, Francois Jagerschmidt, Catherine Namour,
Florence Blandue, RéfandiPepxotsrelstismphiectidfliriebidegeammidneloepreg oPigre Traballeau,
Nicolas WigerinckyiRiet TBR k320> NQ@WEL IMIDAZOLE COMPOUNDS AS ANDROGEN RECEPTOR
MODULATORS <130> PSK-137-WO-PCT <150> US 61/191,918
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<151> 2008-09-11 <150> GB 0900333.6 <151> 2009-01-09 <160> 6 <170> Patentin version 3.5
<210> 1 <211> 104 <212> DNA <213> Artificial Sequence <220> <223> Plasmid <400> 1 cactgtgtcg

acgcgtgcaa ggactctata tatacagagg gagcttccta gctgggatat60 tggagcagca agaggctggg aagccatcac
ttaccttgca ctgal04 <210> 2 <211> 112 <212> DNA <213> Artificial Sequence <220> <223> plasmid

<400> 2 gatctcagtg caaggtaagt gatggcttcc cagcctcttg ctgctccaat atcccagcta60 ggaagctccc tctgtatata
tagagtcctt gcacgcgtcg acacagtgag ct112 <210> 3 <211> 95 <212> DNA <213> Artificial Sequence

5. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-4;

wherein R! is Me, Bt, i-Pr, or n-Pr.

6. A compound or pharmaceutically acceptabie salt thereof, according to claim 1, wherein the

compound is according to Formula II

OH
R3a
R4a O
(R3b)m‘§
R4b
NWN\MG
O
R4c
i
wherein R® R™® R* R® R* and m1 are as in claim 1.
7. A compound or pharmaceutically acceptable salt thereof, according to any one of claims 1-6,

wherein R* is cyano, halo or nitro.
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<220> <223> plasmid <400> 3 caaagagctc tagcttaata ggttcttgga gtactttacg tgcttaatag gttcttggag60
tactttacgt gcttaatagg ttcttggagt acttt95 Page 1 eolf-seql <210> 4 <211> 99 <212> DNA <213> Artificial
sequence <220> <223> plasmid <400> 4 aaagtactcc aagaacctat taagcacgta aagtactcca agaacctatt
aagcacgtaa60 agtactccaa gaacctatta agctagagct ctttggtac99 <210> 5 <211> 30 <212> DNA <213>
Artificial Sequence <220> <223> plasmid <400> 5 taaggatccg ctgtggaatg tgtgtcagtt30

8. A compound or pharmaceutically acceptabie salt thereof, according to any one of claims 1-7,

wherein R® is C1, F, CN or CF;.
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<210> 6 <211> 30 <212> DNA <213> Atrtificial Sequence <220> <223> plasmid <400> 6 gacggatcca
gacatgataa gatacattga30

8. A compound or pharmaceutically acceptable salt thereof, according to claim 1, wherein the

compound is according to Formulae Va, Vb, Ve or Vd:
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R3¢

OH
3a
o ) R
SO
NC O
Va
R3c
OH
R3a
o vt
cl 0
Ve

and wherein R is as in claim 1; and

R ig H, halo, cyano, or nitro; or

R* {5 C;-Cq alky!l optionally substituted with cyano, or halo; or

R* is amido optionally substituted with C,-Cj alkyl.

R3a

R

R3a

10. A compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein R™ is H,

CN, CI, or F and R™ is H.

11. A compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein R™ is

H; and R*® is CN, C, F, Me or CF;.

12. A compound or pharmaceutically acceptable salt thereof, according to claim 9, wherein each R*

and R* is H.
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3.

14,

15

16.

A pharmaceutical composition comprising a pharmaceutically acceptable carrier and a

pharmaceutically effective amount of a compound according to any one of claims t to 12,

A compound or pharmaceutically acceptabie salt according to any one of claims 1 to 12 for use

in medicine.

An agonist or mixed agonist/antagonist compound or pharmaceutically acceptable salt thereof,
according fo any one of claims 1 to 12 for use in treatment or prophyiaxis of cachexia,

osteoporosis, sarcopenia, a decline in libido and/or sexual dysfunction,
An antagonist or mixed agonist/antagonist compound or pharmaceutically acceptable salt

thereof, according to any cne of claims 1 to 12 for use in treatment or prophylaxis of androgen

dependant tumors, such as prostate cancer or hyperplasia.
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